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MEMORANDUM 

Palma Risler, USEPA (415) 744P'1078 FAX 

Sushil Arora, DWR (916) 653·6077 FAX 

Mike Jackson, USBR (916) 978-4854 FAX 

Chet Bowling, USBR (916) 978·5284 FAX 

Harold Meyer, WRMI (916) 920-1812 FAX 

Lance Johnson and Tom Boardman, 8/3/9~ 
RIA, CVP South of Delta Modeling Results .,/~ 

Introduction 

This transmits the results of our modeling studies completed to date. This 

·· includes the 71 year Level 1 (annual time step analyses) and a portion of the 

proposed Level 2 (monthly time step analyses) for the 1928 through 1934 critical 

period. Because of time constraints, the full 71 years of Level 2 analyses was not 

completed. This memorandum lists the numerical and operational assumptions that 

went into the impact studies, and discusses the validity of some of the more 
' 

questionable assumptions. 

-
Modeling Assumptions 

The following assumptions were utilized in our studies: 

-Base Case; DWRSIM Base Study 2, D1485.f.NMFS, 6.0 MAF Delta Export 

Demand, run number 1995c6b-NMFS-276 

-Impact Case; DWRSIM EPA Study 2b, EPA 1968 LOO+ NMFS, 6.0 MAF Delta 

Export Demand, run number 1995C68-NM+EPA-280 

-CVP so·uth of delta supplies include CVP Tracy Pumping and SWP Wheeling 

for CVP from the above model results ~ San Joaquin and James Bypass 

inflows (accretions) to Mendota Pool derived from PROSIM Folsom 

Aeoperation Study, 4001c, 400 Folsom F. C., 1995 Demands, 

February 25, 1994, with maximum monthly usable deliveries of 95,000 AF and 
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no minimum demands, 

-San Luis Reservoir CVP storage parameters are 966.8 TAF normal maximum, 

971 T AF absolute maximum, 50 T AF September 1 minimum and no carryover 

storage target, 

-CVP South of Delta water obligations were obtained from PEIS draft data, 

· dated 6/27/94, with corrections to eliminate double counting of obligations with 

the corrected obligations listed below: 

CVP Delta Export Obllgatlon & Amount CTAF) 

Service Area Wtr. Rights Ag Cont. M&I Cont. Refuge Loss 

Delta Mendota Canal 216.0 407.2 10.2 below 120 

Cross Valley Canal 128.0 --0- below --0- -0-

San Luis Unit 6.0 1,236.5 

Mendota Pool Unit 666.1 108.6 

San Felipe Unit -0-- 68.1 

Wlldlif e Refuges (CVPIA Level 2) 

SUBTOTALS 888.1 1,948.4 

17.1 

--0--

127.7 

155.0 

below 

below 

below 

211.7 

60 

80 
-0-

incl. 

211 .7 260 

TOT AL CVP South of Delta Obligations= 3,463,200 AF excluding Contra Costa 

Water District@ 118,000 AF (grand total CVP delta export obligations 

3,581,200 AF) 

-CVP deficiency criteria and hierarchy as follows: 

Priority 1 

-Water Rights per Shasta inflow criteria, 75% minimum 

-M&I and refuges per CVPIA, 75% minimum or equal to ag contracts if 

above 75%, and 

Priority 2 

-Ag contracts, no minimum 

-Agricultural contract water allocated in increments of 5% for Level 2 analysis, 

-Delivery of unstorabte flood flows (CVP 215 water) is not considered, 

-Carryover of contract water and groundwater is not considered 

Summary and Discussion of Results 

Layel 1 Analysis: The Level 1 analysis consists of taking the sum of estimated 

annual supplies (CVP export + Mendota Pool inflows) and applying CVP obligations 
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with the appropriate hierarchy and deficiency criteria. The impacts to agricultural 

contract supplies are smaller than those produced in the Level 2 analysis and they are 

the most optimistic for several reasons. First, contract water years span a period of 

March through the following February, while the modeled water years span a period 

of October through the following September . This causes an overlapping of years 

and an over estimate of available supply in certain sequences of year types. 

Second, the Level 1 analysis does not consider any operational constraints 

such as demand scheduling, reservoir minimum and maximum storage limitations and 

conveyance facility limitations. These two factors in combination lead to estimated 

levels of supply that vary by 5 to 10+% in a given year when compared to those 

identified in the Level 2 studies. 

A third factor applies to the DWRSIM studies which affects the post processor 

results of both the L~vel 1 and 2 analyses. The DWRSIM studies operate the projects 

with perfect foresight, that is, the model is based upon historic hydrology which is 

.· known. Following this methodology, project modelers know in advance what the 

hydrology will be later in the year. They are therefore able to make informed decisions 

enabling optimization of operations, rather than having to take a more conservative 

approach due to unknown future conditions, as Is the case in the "real world". The 

impact of this situation will not be con~istent from year to year and cannot be 

accurately estimated. It is, however, probable that actual available supplies would be 

less. in most years. This Indicates the modeled results are somewhat optimistic. 

Results of the Level 1 analysis indicate the following agricultural contract 

supplies would be available: 

StudvCase 

Base 2, 0148S+NMFS 

Level 1 Study Results (Annual Analysis) 

Agricultural Contract Supply (% of Contract Obligation) 

71 year Avg. 1928-34 Avg. Maximum Minimum 

71 ,2 56.9 92.6 17.6 

EPA 28. EPA1968 LOD+NMFS 61 .8 38.5 79.5 0.0 

Copies of the complete Level 1 analyses are attached. 

Level 2 Analysis: As previously noted, the Level 2 analysis is incomplete at this time. 

The studies completed to date include only the 1928 through 1934 critical period. Data 

from this period is, however, useful as it Identifies the differential in the results 
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between the Level 1 and 2 studies. It also identifies errors or problems associated 

with the DWRSIM modeling results to be discussed below. 

The Level 2 analysis was conducted taking into account maximum and 

minimum allowable storage conditions in the CVP share of San Luis Reservoir and 

water demand patterns that vary with the type of obligation ( water rights, ag contract, 

M&I and refuges) and with the available supply. These demand pattern estimates are 

based upon the water use in a particular month being a percentage of the total 

available supply expressed in acre feet. Available agricultural contract demand 

patterns are based upon increments of 25%. Water rights, M&I and refuge demand 

patterns are at two levels, 75% or 100% supply. The initial 1928 condition was taken 

from the DWRSIM outputs as the estimated CVP San Luis reservoir storage of 865 

T AF as of 3/1128. The model was then conducted as a continuous series with the end 

of year reservoir storage condition being the input for the following years. initial 

condition. 

All modeling is based upon meeting water rights, M&I and refuge obligations as 

the first priority with appropriate loss factors being applied. Remaining water supplies 

were allocated to meet agricultural contract obligations. Thesewere first estimated 

from the Level 1 analysis. These allocations were then adjusted up or down in 5% 

increments to achieve no less then 50,000 AF minimum September 1 storage in the 

CVP share of San Luis Reservoir. If an estimated allocation fell between available 

demand patterns (as example, estimated allocation of 35%, falling between 25% and 

50%) both the higher and lower patterns are tested to meet, but not exceed, reservoir 

operational parameters as closely as possible.· 

The Level 2 analyses identified a problem with the DWASIM outputs. During the 

7 year period of study there were two instances when the upper limits of CVP reservoir 

storage would have been exceeded given the beginning storage condition and the 

modeled rate of export vs. water demands during the period. In other words, estimated 

supply exceeded demand causing a theoretical overfilling of the reservoir. This 

condition would overestimate the available supply in the Level 1 analysis. These 

instances are noted and quantified at the bottom line item titled "San Luis Reservoir 

CVP Exceedence". When these conditions occurred, the following month's initial 

storage condition was adjusted downward to the maximum allowed and the analysis 

reinitiated from that point. Given the occurrence of this condition twice during the 
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critical period, it might be expected that this situation would occur more frequently 

during "normal years" . 

Results of the Level 2 analyses for the 1928 through 1934 critical period are as 

fol!ows: 

Level 2 Studv Results 1926 to 1934 

Agricultural Contract Allocation (%)vs. Study Case 

Water Contract Year 

3/1128 to 2128129 

Base Study 2 EPA Study 2b 

3/1 129 to 2/28130 

3/1 /30 to 2128/31 

3/1 /31 to 2128/32 

3/1 /32 to 2128/33 

3/1 /33 to 2128/34 

85% 

50% 

70% 

45% 

55% 

60% 

211/34 to 2128135 · 45% 

Average 58.6% 

Copies of the summary sheets for each year are attached. 

Discussion of DWRSIM Modeling and EPA Assumptions 

65% 

45% 

55% 

10% 

30% 

35% 

30% 

38.6% 

The CVPXO model used to gener{lte the results herein is a post processor 

model that uses as inputs the outputs of some other model. Thus, the results of our 

modeling are no better then the outputs tr9rn the source modeling, which in this case is 

DWRSIM. Many of the assumptions used in the DWRSIM modeling were stipulated by 

USEPA. Other assumptions and default values regarding CVP operational conditions 

and limitations have been provided to DWR by USBR. There are, in our opinion, 

serious errors and flaws in several of the stipulated modeling assumptions and default 

values used in the DWRSIM modeling. These are discussed below. 

EPA Standards as Modeled: This analysis is a part of the Regulatory Impact Analysis 

(RIA) for the proposed Bay/Delta standards. At the time the DWRSIM studies were 

conducted the standards had not been finalized. The principal uncompleted portion of 

the standards involves determination of the possible use of a sliding scale and, if 

used, what the sliding scale function will be. The use and function of a sliding scale for 

delta outflow requirements can have a very large impact, either positive or negative, 
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on the availability of delta export water supplies. Therefore. modeling studies 

conducted, on preliminary rather than final standards will produce data and an RIA that 

do not accurately represent the actual impacts of the proposed standards. 

Leyel of Demand (LOO): The stipulated LOO used in the studies was 6.0 Million Acre 

Feet {MAF). This is supposed to represent the combined CVP + State Water Project 

(SWP) delta export demand. This has been broken down as 2.9 MAF SWP demand 

and 3.1 MAF CVP demand including Contra Costa Water District and system losses. 

These figures are also being used in the CVPIA PEIS process for consistency 

·between the EPA and PEIS processes. 

It has been previously suggested that the appropriate LOD is 7 .1 MAF rather 

than 6.0 MAF used in the DWRSI M studies. This debate has apparently focused on the 

variable SWP demands associated with Metropolitan Water District and the availability 

of water from other sources. Our concern and disagreement with the modeled LOO 

. relates to CVP obligations. Specifically, as listed above, CVP delta export obligations 

including CVPIA Level 2 refuge supplies and CCWD are 3,321,200 +/- acre feet plus 

losses. Various estimates and studies identify CVP south of delta losses as ranging 

from 180 TAF to 260 T AF, producing a total CVP delta export obligation of 3,501,200 

AF to 3,581,200 AF. In either case, CVP export demand is 400,000 to 500,000 AF In 

·excess of the 3.1 MAF used in the DWRSIM studies. 

Prior studies at the 7.1 LOD show higher levels of base study supply when 

compared to those at the 6.0 LOO because the models operate the projects to attempt 

to meet whatever demand level is set. While it is understandable that there may be 

some debate regarding the SWP LOD, it is clear that the 6.0 LOO with CVP obligations 

set at 3.1 MAF is incorrect. The use of the 6.0 LOO causes underestimation of supplies 

primarily in the base case. This in turn leads to an in.accurate portrayal of the 

differential (base study vs. impact study) impacts being less then they actually are. 

It is our opinion that the level of demand should be be based upon CVP 

obligations at about 3,550,000 AF. SWP demands should be based upon 

consideration of the variable MWD demands. 

CVP Tracy Export Capabilities: The DWRSIM outputs for Tracy export lists maximum 

pumping rates in some months that are in excess of the physical capabilities of the 
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facility. These excedences are as much as 11,000 AF per month and total 55,000 to 

60,000 AF in several years. The use of these incorrect data leads to an overestimation 

of CVP supply in many years and,_ therefore, a false reduction of impacts. We are 

enclosing a copy of an analysis evaluating historic data for the facility and listing the 

practical maximum export capabilities of Tracy Pumping Plant. 

CVP San Luis Reservoir Storage Capacity: The DWRSIM modeling studies use a CVP 

San Luis Reservoir storage capacity of 971 ,000 AF. Data published by both DWR and 

USSR list the normal maximum capacity as 966,000 AF The 971 ,000 AF figure 

requires encroachment of reservoir freeboard and is not a normal operating condition. 

'Use of the 971 TAF figure leads to a small over estimation of supply. 

In summary, we believe our analysis is reasonably accurate given the 

assumptions and inputs used in our model. However, we make no claim that these 

. results are objectively accurate, due to what we believe are significant errors and flaws 

in the underlying assumptions and inputs. We strongly urge the parties to this process 

to correct these erroneous assumptions: otherwise, we believe that the end product, 

the RIA, will be flawed and subject to both technical and legal challenges as to its 

adequacy. 

Enclosures 

cc Dan Nelson 

Jason Peltier 

Frances Mizuno 
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Year 

1922 4546 
1923 3635 
1924 2439 
1925 5035 
1926 3711 
1927 6917 
1928 5105 
1929 3176 
1930 4147 
1931 2536 
1932 3624 
1933 3452 
1934 3318 
1935 4840 
1'936 4605 
1937 4117 
1938 9511 
1939 3470 
1940 6998 
1941 8701 
1942 7603 
1943 5873 
1944 3670 
1945 4837 
1946 5893 
1947 3904 
1948 5403 
1949 4324 
1950 4126 
1951 6314 
1952 7779 
1953 6544 
1954 6558 
1955 4111 
1956 8821 
1957 5371 
1958 9696 
1959 5098 
1960 4728 
1961 5070 
1962 5255 
1963 7003 
1964 3903 
1965 6976 
1966 5319 
1967 7385 

2 
3 
6 
2 
5 
1· 
2 
6 
3 
6 
3 
5 
5 
2 
2 
3 
1 
6 
1 
1 
1 
1 
5 
3 
2 
5 
3 
5 
3 
1 
1 
1 
2 
5 
1 
3 
1 
5 
3 
5 
3 
1 
5 
1 
3 
1 

San Joaquin 
Flow 

to Pool 
(. 

190 
0 
0 
0 
0 

124 
0 
0 
0 
0 

125 
0 
0 
90 
98 
190 
376 

0 
57 
280 
164 
136 

0 
179 

4 
0 
0 
0 
0 
45 

334 
0 
0 
0 

264 
0 

241 
0 
0 
0 

95 
66 
0 

156 
4 

375 

Annual Exchange 
CVP · CVP Contractor 

Ex arts Water Su I Allocation 
F- ~ 

Units are thousands of erce feet 
2716 2906 688.1 
2926 2926 888.1 
2554 2554 666.1 
2751 2751 888.1 
2917 2917 886.1 
2836 2960 888.1 
2972 2972 888.1 
2477 2477 666.1 
2686 2686 888.1 
2017 2017 666.1 
2312 2437 666.1 
2161 2161 666.1 
2141 ·2141 666.1 
2715 2805 888.1 
2874 2972 888.1 
2786 2976 888.1 
2857 3233 688.1 
2688 2668 888.1 
2934 2991 888.1 
2757 3037 888.1 
2786 2950 888.1 
2827 2963 888.1 
2951 2951 888.1 
2972 3151 688.1 
2766 2770 - 888.1 
2866 2668 888.1 
2789 2789 888.1 
2927 2927 866.1 
2955 2955 888.1 
2933 2978 888.1 
2932 3266 888.1 
2594 2594 668.1 
2953 2953 888.1 
2762 2762 888.1 
2741 3005 886.1 
2908 2906 8BB.1 
3019 3260 688.1 
2685 2685 888.1 
2878 2878 888.1 
2777 2777 886.1 
2836 2931 888.1 
2908 2994 888.1 
2693 2693 888.1 
2772 2928 888.1 
.2872 2876 888.1 
2928 3303 888.1 

M&I, 
Refuges, 
Losses 

600.7 
603.2 
600.7 
600.7 
601.4 
609.7 
612.0 
600,7 
600.7 
600.7 
600.7 
600.7 
600.7 
600.7 
612.0 
612.8 
662.3 
600.7 
615.7 
624.6 
607 .8 
610.3 
608.0 
646.6 
600.7 
600.7 
600.7 
603.4 
608.6 
613.2 
668.B 
600.7 
608.4 
600.7 
618.3 
600.7 
667.6 
600.7 
600.7 
600.7 
604.1 
616.3 
600.7 
603.6 
600.7 
675.9 

Available 
For Ag 

Contractors 

Ag Contractor 
Allocation 

% 

1417.3 74.6 
1434.7 75.6 
1267.3 67.B 
1262.3 66.5 
1427.5 75.2 
1462.2 77.0 
1471 .9 77.5 
1210.3 63.7 
1197.3 63.0 

750.3 39.5 
1170.6 61.6 

894.3 47.1 
874.3 46.0 

1316.3 69.3 
1471.9 77.5 
1475.1 77.7 
1662.2 88.6 
1199.3 63.2 
1487.2 78.3 
1524.6 80.3 
1454.1 76.6 
1464.6 77.1 
1454.9 76.6 
1616.3 85.1 
1261.3 67.5 
1379.3 72.6 
1300.3 68.5 
1435.5 75.6 
1458.1 76.6 
1476.9 77.8 
1709.1 90.0 
1105.3 58.2 
1456.5 76.7 
1273.3 67.0 
1498.1 78.9 
1419.3 74.7 
1704.3 89.7 
1196.3 63.0 
1389.3 73.2 
1288.3 67.8 
1438.8 75.8 
1489.6 78.4 
1204.3 63.4 
1436.5 .. 75.6 
1367.3 73.1 
1739.1 91 .6 
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Year 

1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

Shasta 
Inflow 

4776 
7666 
7904 
7316 
5076 
6162 
10782 
6391 
3597 
2625 
7827 
4025 
6418 
4098 
9011 
10796 
6667 
3972 
7547 
3947 
3930 
4755 
3619 
3051 
3621 

CVP South Delta Water Supply Impacts 
EPA Base Study 2 

[01485 + NMFS Salmon] 

San Joaquin Annual Exchange M&I, 
Year Flow CVP CVP Contractor Refuges, 
Type to Pool Exports Water Supply Allocation Losses 

3 0 2543 2543 888.1 600.7 
1 383 2914 3297 888.1 674.8 
1 B 2554 2562 888.1 600.7 
1 0 2991 2991 886.1 615.7 
3 0 2950 2950 888.1 607.8 

. 2 175 2846 3021 888.1 621.5 
1 202 3026 3228 888.1 661.4 
2 24 2710 2734 888.1 600.7 
6 0 2545 2545 888.1 600.7 
6 0 1600 1600 666.1 600.7 
1 367 2322 2689 868.1 600.7 
5 58 2853 2911 888.1 600.7 
1 414 2603 3017 888.1 620.7 
6 1 2950 2951 888.1 606.0 
1 321 3005 3326 888.1 680.4 
1 T13 2577 3290 688.1 673.4 
1 184 2363 2547 888.1 600.7 
5 0 2941 2941 888.1 606.1 
1 372 2644 3016 888.1 620.5 
6 2 3037 3039 888.1 625.0 
6 0 2592 2592 888.1 600.7 
3 0 2859 2859 888.1 ' 600.7 
6 0 2739 2739 888.1 600.7 
6 0 2221 2221 666.1 600.7 
6 0 2276 2276 666.1 600.7 

81.4 98.6 82.7 
71 .4 80.6 79.8 

Avallable 
For Ag 

Contractors 

1054.3 
1734.5 
1073.1 
1487.2 
1454.1 
1511.4 
1678.3 
1245.3 
1056.3 

333.3 
1200.2 
1422.3 
1507.9 
1454.9 
1757.5 
1728.4 
1058.7 
1446.8 
1507.2 
1525.9 
1103.3 
1370.3 
1250.3 

954.3 

Ag Contractor 
Allocation 

(%) 

55.5 
91 .3 
56.5 
78.3 
76.6 
79.6 
88.4 
65.6 
55.6 
17.6 
63.2 
74.9 
79.4 
76.6 
92.6 
91 .0 
55.7 
76.2 
79.4 
80.4 
58.1 
72.2 
65.8 
50.3 

1009.3 53.1 

71.2 
56.9 

Exchange Contract 888.1 KAF full supply and 666.1 KAF (75% supply) when Shasta Inflow Criteria is not met. 

Refuges and M&I: Receives not less than 75% of Level 2 supplies under CVPIA. (247.4 KAF refuge full supply 
with 37 l<AF for Kesterson Mitigation. M&l never receives less than 75% of 155.1 KAF) 

Losses: 

Contractors 
1~====-

CVP'£PAD2.WU1 

260 KAF regardless of delivered quantiles (Includes losses in DMC and Mendola Pool). 

1899.0 KAF full supply. 
San Luis Unit 
DMC (Ag Only) 
San Felipe 
Mendota Pool 
Cross Valle 

1236.5 KAF 
407.2 KAF 
68.7 KAF 
58.6 KAF 
128 KAF 
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CVP San Luis Storage (KAF) 
Est. CVP Tracy Export (KAFI 
Actual CVP Tracy Export (KAF) 
Es1. SWP/CVP Banlu Export (KAF) 
Aetu.I SWP/CVP Banks Export IKAF) 
San Joaquin River Flow• to Mend°'a Pool 
Gross Available CVP Supply (KAF} 

Upper DMC Deman~ (KAF) 
Lowe< DMC C>emartds CKAFI 
Estimated Upper/Lower OMC Deliveries 
Aci\Ja l Upper/Lower DMC DeltverlH 

Water Rights Contract Demands (KAF} 

Estimated Pool De1Mir1es 
Actual Poof Deliveries 

E.stlmated SLU Oeilverie.a 
Actual SLU Dellvffles 

Estimated San Felipe Div. Deflverles 
Aclual San FaJlpe Div. Deliveries 

E.stlml'ted Southern CVP Oelfvenes 
Ac:tu~I Southern CVP Oellverles 

Total Deliveries Sooth ot Oeltl 

Elllmatea EOM San Luis CVP Ru. StoJ39e 
Adjusted Mufmum EOM Slorage (KAF) 
San Lur• CVP E.xceedal\Ce 

CVP SOUTH DELTA WATER SUPPLY· DETAILED IMPACTS 

EPA BASE STUDY 2 

San Luis CVP Storage (KAF): • 859.0 
As of: -03/01128 

... _._,. lr'-P"'••• 
... _ .. --··- --· 

859.0 971.0 947.6 791.21 441 .0! 
275.0 213.0 184.0 179.0 283.0 

·.:·:·: o.o . : .o.o .· 0.0 .. 0.0 .. 0.0 
19.0 0.0 0.0 . 0.0 4.0 

·-~19.0 ·'· .... ·.0.0 0.0 0.0 4.0 
0.0 0.0 0.0 0.0 O.OI 

1153.0 1184.0 11131.6 910.2 728.0 

19.2 29.0 42.1 54.8 63.41 
1"1.0 22.5 31.6 35. 1 4201 
33.2 51.5 73.7 89.9 105.41 
·· 0.0 0.0 o.o 0.0 0.01 

.--..----· 
144.61 
2"12.0I 

0.01 
0.0 

. . 0.0 
0.0 

386.6 

35.41 
23.31 
58.71 
. 0.01 

Group 2 Allocatioo (%) .· 85 · ,~ 
Exchange Contractors(%) . · 100:· -~ .. 
Oemarld P11l1ern (% vear) 75 · ·· 

Water Year 192S..29 

-----···--· -----· ··-·-···--· 
51 .2 195.8 262.8 

258.0I 199.0 254.0 
. ~ .. 0.0 0.0 . : 0.0 

0.0 0.0 7.0 
0.0 . . 0.0 · .•. :.7.0 
0.0 0.0 0.0 

309.2 394.B 523.8 

21 .0 33.71 17.8 
21 .0 37.21 17.6 
42.0 70.91 35..4 

" .. 0.0 . . 0.01 ' 0.0 

---···---· --··--· • --• __ ,I 

'413.9 583.7 642.9 
262.0 . 200.01 161.0 

... 0.0 .·.· .· . . 0.0 · ··· ·· =o.o 
25.0 0.0 0.0 

........... 25.0 . . . 0.0 . ·- ·--,: . 0.0 
0.0 0.0 0.0 

700.9 843.7 803.9 

10.8 19.9 17.5 
7.7 16.0 1.l.4 

18.5 35.9 30.9 
... 0.0 . . a.o .. - ... 0.0 

[ 28.41 10.J{--88~8[ 16i5f .170.sl -100~ "11 -- -:-18.7f--- t4.2l --22.21 36."ll 62.6 [ -==93}J 

9.7 11 .8 15.2 18.2 10.6 10.1 
. 0.0 0.0 0.0 0.0 0.0 0.0 

6211 84.0 129.8 239.9 133.6 27.0 24.9 35.9 55.7 
0.0 . 0.0 0.0 0.0 0.0 O.Of . ·0.0 0.01 0.0 

5.8 5.1 12.9 17.0 9.9 7.5 7.3 11.5 11.91 8.2 8.5 
0.0 . a.o . 0.0 0.0 ·o.o 0.0 0.0 0.0 0.0 0.0 -~ ··· 0.0 

8.l 8..5 13.2 21.8 24.5 13.6 2.6 t.8 2.4 3.S 5.5 5.2 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 a.o . 0.0 0.0 a.o . 0.0 

I 1-49.9! 236.41 340.41 529.2[ u-583.41 J35.4! f13~4f 132.01 109.91 1H.2I 200.sl 201 .41 

1003.1 947.6 791 .2 441 .0 144.6 51 .2 195.8 262.8 413.9 583. 7 642.9 602.5 
..: 0971 .0 .';.. ' .. 0.0 · : 0.0 ··:: 0.0 - ~··,::"-· 0.0 ··. , 0.0 ·· ·:-; .' .. .-. .-: .o.o ·.· .. · · ·' · 0.0 .-:,''..···.··;, 0.0 · . .- ·, . . _,_;:· 0.0 · .. , '' '-" ·O.D .'.· ::::-···- '0.0 

32.1 
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San Luis & Oel• Mendotll Water Al.Mcrfty 

CVP San Luis Storage [KAF) 
Est. CVP Tracy Export (KAF) 
Adual CVP Tf;tey Export (KAF) 
E.st. SWP/CVP 8.ank.s Export (KAF) 
Actual SWP/CVP Bankl Export (KAF) 
San Joaquin RM!r Flow• to Mendota Pool 
Gross Available CVP Supply (l<Af) 

Upper DMC Oemand1 (KAF) 
Lower OMC Demand• (KAf) 
E.stln:iated Uppu/lower DMC Deliveries 
Actu<il Uppet"/l.ower DMC ~iverfu 

Watllr RJghls Contract Demands (KAF) 

E.stlmated Pool Deliveries 
Aclual Pool Deliveries 

Es1lmated SLU Dellverlu 
Actual SLU Deltverles 

Eatlmated San Felipe Div. Oelfv.rle. 
A.dual San Felipe Div. Oellverlu 

Eatimaled Soutltsrn CVP Dellverie:I · 
Actual Southern CVP Dellveflea 

T~I Dellveriu South or Delta 

EsUmated EOM San Lul1 CVP Ru. Stonge 
Ad)ulfed Mnlmum EOM Storage (KAF) 
San Lui• CVP Exc:eeU.nce 

CVP SOUTH DELTA WATER SUPPLY· DETAILED IMPACTS 

EPA BASE STUDY 2 

San Luis CVP storage {KAF): ·· · . . 602.5 
As ot. : 03/01129. 

- · 

502.5 600.1 500.2 383.3 183.41 
123.0 80.0 138.0 179.0 283.0 

.. . ... 0.0 .·· ··· o.o 0.0 . 0.0 0.0 
0.0 0.0 o.o 0.0 0.0 

·.·. ~ 0.0 ' ..... · .·o.o · . ... 0.0 · .... ·o.o · . .. 0.0 
0.0 0.0 0.0 0.0 0.0 

725.5 680.1 636.2 562.3 406.41 

16.7 23.5 32.9 39.3 45.8 
12.7 19.5 26.7 26.8 32.5 
29.5 43.0 59.5 66.1 78.2 

. . 0.0 .. 0.0 .... 0.0 . 0.0 0.0 . 

50.71 
291.0I 

Ml 
34.0I 

Gr01Jp 2 Allocation(%) · , ·. 50 _ . . 
Exchange Cootractors (%) ·. : ·· 75 : ..... :/ 
Demand Pattern(% vnr) · · ·50 -:-

Water Year 1929..J-O 

161.-4 259.B 304.0 
183.0 160.0 246.0 

.. · .. 0.0 . . 0.0 . 0.0 
0.0 0.0 0.0 

... "34.0( ··. : .· . . 0.0 . 0.0 : . .... ·.·: ... 0.0 
0.01 0.01 0.0 0.0 

375.71 344.4 419.8 550.0 

21 .B 17.6 31.9 14.6 
16.0 19.2 36.3 15.9 
37.8 :!6.8 68.1 30.5 

0.0 .· 0.0 0.0 0.0 

468. ~i 661.9 900.5 
262.0 260.0 165.0 
. 0.0 .··0..0 : . .. o.o 

0.0 0.0 0.0 
·-:::: .... · 0.0 . .. ,, 0.0 . ·; ·" 0.0 

0.0 0.0 0.0 
730.5 921.9 . 965.5 

5.31 11.6 11.0 
4.71 11.5 9.9 
9.91 23.2 21 .0 
0.01 · . .. . 0.0 ·. 0.0 

I 21 .31 s26I 66.61 121.91 121.91 75.31 14.ol 10.11 1e.1I 21.31 61 .91 e9.sJ 

9. 1 10.6 13.1 14.7 9.9 14.61 9.4 6.7 7.9 
0.0 . 0.0 0.0 . 0,0 0.0 0.0 0.0 0.0 .: . 0.0· . . 

50.61 58.3 86.7 141.3 70.3 11.0 10.6 9.8 9.9 17.0 
0.0 0.0 0.0 . 0.0 0.0 0.01 0.0 . a.o 0.0 0.0 

5.4 4.2 11.4 13.4 14.1 7.7 6.91 7.0 11.0 11.0 6.8 5.4 
0.0 · O.O . 0.0 . 0.0 0.0 .... 0.0 :·: . .. .. 0.0 0.0 0.0 0.0 .... ·o.o ·· :··· -· : o.o 

5.1 5.8 1 8.7 14.J 15.9 7.0 1.0 0.8 0.8 0.9 1.5 2.f 
·. 0.0 0.0 J .O 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 . :. 0.0 

Dfil[t79.sf 2sar371r9r=41s.11 214.31 8.4.5[ ___ 11s:11r s1.51 6e.1c~~r--1ns1 

6()0,1 500.2 383.3 183.4 50.7 161.4 259.8 304.0 468.5 661.9 800.5 932.9 
o.o · .. ·O.o "···' o.o ·.:·. o.o :-· : .. · o.o ·.: · ·=' o.o '- '~ .:;.;_·.· .. · o.o - .. : o.o :==.:...: .. :50.0 . ,_,, '-.: .. o.o .. _,., .... ; , .o.o -.:.~: .. : .:..,~ .. o.o 

~ pr-..m.d wtth r:MRSIM beMd Ofl a a.o WAF CVP I ~ clamand 

~: 0811'.XW4 oe~:S1 



San Luis & Oda Mendola Walat Al.thcrily 

CVP S:an Luis Storage (K.AF) 
Esl CVP Tracy E.xport (KAF) 
Actual CVP Tracy Export fKAf) 
Est. SWP/CVP Bania Export (KAF) 
Actual SWP/CVP Banks EJ!port (KAF) 
San Joaquin River Flows to Mendota Pool 
Gross Ava!!Jlble CVP Supply (KAF) 

Uppe< DMC Oemands (KAf) 
Lower OMC Demands (KAF) 
ES'timatl!d Upperll..owef OMC Oellveries 
Actual Uppet/Lower OMC Oelfvenes 

Wnet Rights Contract Demands (KAF} 

Estimated Pool Deliveries 
AcilJal Pool Deliveries 

Estlm~ SLU Oelive<Jes 
Actual SLU Deliveries 

Estlnuted San Felipe Div. Oellverfes 
Actual San Felipe Div. Oelfvenu 

Estimated Southern CVP Oellveries 
Actual Southern CVP Deliveries 

Tat.al Oellverles South of Detta 

utl~ EOM San Lui• CVP RH. Storage 
Adjusted Maximum EOM Storage (KAF) 
~n Luis CVP Exceedanc. 

CVP SOUTH DELTA WATER SUPPLY - DETAJLED IMPACTS 

EPA BASE STUDY 2 

San Luis CVP Storage (!<AF): .. . ' ·'·· S32.9. 
A3 St: . 03/01(.30" 

Group 2 Allocation (%) 70.· ... '· .. 
Exdlange Contractors(%) ·: 100.:,)· 
Demand Pattern (% vear} SO · ' ' 

Water Year 1930-31 
..... ___ 

'"',.. .... ,.,_ --··- --·· .,_____ ----···--· ------· ··-·-··--· ---··--· ... -··--·. . - ·--· 
832.9 91H 796.9 654.8 330.7 62. I '22.51 275.6 342.7 504. 8 759.81 868.8 
241.0 117.0 1M.O 179.0 283.0' 291.0 248.0 191 .0 25-4.0 2ti2. 0 200.0 I 145.0 

··. :. 0.0 , · .. · o:o · . . 0.0 ... o.o . :- .. -: ·0.0 . ·. ; 0.0 0.0 
.. 

0.0 ... '0.0 . ··o.o 0.0 •' 0.0 . . 
0.0 0.0 0.0 0.0 0.0 50.0 ·o.o 0.0 0.0 76.0 0.0 0.0 

· .--·- o.o ... __ 0.0 ;.· - 0.0 ·o.o .. : . . 0.0 .. , 50.0 . .. 0.0 . . • 0.0 ·'.· 0.0 ',_::·· . . :. 76.0 . 0.0 . .. ·., .. . 0.0 

0.0 0.0 0.0 0.0 0.0 o.or 0.0 0.0 0.0 0.0 o.or 0.0 
1073.9 1!Y.!8.4 980.9 S33.8 613.7 403.1 370.S 466.6 596.7 842.8 1019.8 1013.a 

21.0 28.3 40.1 51 .1 sa.9 27.7 18.4 32.5 15.3 6.0 12.9 12.8 
15.0 22.1 30.5 33.1 39.5 19.1 19.6 36.6 16.2 5.1 12.2 10.9 
38.0 50.4 70.15 84.3 98.S 46.8 3a.o 69.1 31 .5 11.1 25.1 23.6 

. 0.0 : 0.0 0.0 0.0 0.0 . 0.0 . 0.0 0.0 0.0 ... 0.0 . 0.0 ·. ·o.o 

I 28.41 10.21 ea.al 162.sl 110.51 100.41 18.71 14.21 22.2! 36AI 8261 93.3] 

6.1 5.0 15.3 16.3 8.6 7.1 7.1 11 . I , 1.1 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o .. 

7.2 8.2 12.2 20.0 22.3 9.9 1.3 1.1 1.2 1.3 2.2 3.0 
0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

1 162.s1 nnr 326$ 503. n--sH.sr UH2eo.sc- - 94.ar-- - 123.9! 9HJ -------eJ.or --u1K!f - 1sjr21 

911.41 796.91 654.81 330.71 62.1 122.5 275.6 J.42.7 504.81 759.Bf 8S8.SI 8'45.51 
-.. ~ -' O.OI ;,,., 0.01 ·---.- 0.01 ·. ··D..01 · ... ·o.o 0,0 ·O.O . ·. 0.0 .-·-, ~- 0 . 01 ·.-.;· . .-: .. ·;.- 0.01 ''." ··:-:; ·o.o1 .· , O.Ol 

' I 

b;1ort1 ~with OWRSlr.t bned en 1 11.0 r.tAF C\IP & SWP dcl'l'l<llld 
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~"' L UJt Si L)c lfM Mie rlOOl;I \IV.MIU .-.u r"°"wy 

CVP S~ Luis Slor3ge (KAF} 
Est. CVP Tracy Export (l<AF) 
A.etc~ CVP Tracy Export (KAF) 
E.st . SWPICVP Banks Exporl (l<AF) 
Actual SWP/CVP B.lnks Export (KAF) 
San Jo.quln Rlver Flows to Mendota Poo4 
Gross Available CVP Supply (KAFJ 

Upper DMC Demands CKAF) 
Lowet DMC Demands (KAF) 
Estimated Upper/LC1Wef DMC Deliveries 
Actual Upper/lower DMC Oellverin 

Wab!.r RJqhts contract Oemands (KAF) 

Estimated Pool Deliveries 
Actual Pool Deliveries 

Estimated SLU Deliveries 
Actual SLU OeUverles 

Estlmated San Felipe Div. Dellverlea 
Ae1ual San Felipe Div. o.Jlverlu 

Estimated Sollttlern CVP DeliVeri11u 
Actual Southern CVP Deliveries 

Total Deliveries So1.11h of Oelt.a 

EJtlmabtd EOM San Luis CVP Ree. Storage 
AdJuabtd Mmmum EOM S!Of'age (KAF) 
San Lui• CVP Exceedanee 

CVP SOUTH DELTA WATER SUPPLY· DETAJLED IMPACTS 

San Luis cvP Storage ( 

···-·- · ~ 
. . ,.... . .. ··-- ---·-

8-45.5 809.6 86-4.2 495,1 
82.0 26.0 71.0 148.01 

. . 0.0 ··: 0.0 ' 0.0 .·O.O 
0.0 0.0 0,0 0.0 

. ...... o.o -· ·· 0.0 : . 0.0 . 0.0 
0.0 0.0 0.0 0.01 

927 .5 835.6 735.2 643.1 

15.71 22.3 31 .1 36.-4 
12.21 18.9 25.7 25.2 
27.81 41.2 56.8 61 .6 

-J.01 .. .. 0.0 . 0.0 ·o.o 

EPA BASE STUDY 2 

- - ·. - ·->:::1-- -
285.0I 99.7 
207.0 172.D 

.... 0.0 . . . 0.0 
0.0 0.0 

: ... . 0.0 .. . .. o.o 
0.0 0.0 

492.0I 271.7 

42.5 20.4 
30.7 15.2 
73.2 35.6 

0.0 . ·· ·o.o 

Group 2 AUoeatlon (~) : > 45 .. · · .. :. 
Exchange Contract°" ('tli) · ·. ·.·. 75 "_<'-:T: 
Demand Pattern 1% Vffrl · so :· :· · 

Water Year 1931-32 
--...--- ··--· ------ · .. - --··-- - · 

57.7 107.5 16t.B 
123.0 1sg.o 226.0 

0.0 : ... 0.0 .· . 0.0 
0.0 0.0 0.0 

. 0.0 ....... .. 0.0 .... ,,. , 0.0 
D.01 0.0 0.0 

1go.11 276.5 387.8 

17.4 31.7 14.4 
19. 1 36.2 15.8 
36.5 67.9 30.2 

0.0 . . 0.0 '. 0.0 

---- --·-- · -- · - -- - - - - - -

307.6 502.2 643.0 
262..0 280.0 240.0 

. . ~ · . 0.0 0.0 · .... ,';-·: .. ~".' 0 .0 

0.0 0.0 0.0 
· .·.·· .. · ··-0.0 .. · ... 0.0 .-: :·.'· ' :··-o.o 

0.0 0..0 0.0 
559.&I 762.2 1 883.0 

5,1 11.3 10.6 
"4.6 11.4 9.7 
9.7 22.7 20.3 

.. 0.0 0.0 . . .. 0.0 

I 21.31 s2.6I 68.61121.sl 127.91 1s.3 I 14.0I --10:7C- --113:"![=-27-:-3] . -61.91- -. 69.91 

52.7 127.S 142.0 10.1 9.0 
... 0.0 0.0 0.0 0.0 .. . 0.0 

5.3 4.0 12.9 13.6 7.5 6.9 6.SI 11.0 11.0 6.8 5.3 
0.0 0.0 c.o O.D 0.0 0.0 0.0 - 0.0 ' ... ·=-- 0.0 . . : .· . 0.0 . . - . . 0.0 

. 4.6 5.2 7.8 12.8 14.3 6.3 0.9 0.7 0.7 0.8 1.4 1.9 
'l.O . 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 . 0,0 0.0 

I 117.sl 111 . .cl 240.21 Jse.o( 392.41 204.01 aJ.11 114.71 ao.al 67.JI 119.21 12s.s1 

809.6 I 664.21 495. 1 IT85.0T 99.7 67.71 107.Sf 161.81 307.61 502.21 643.ol 753.6 
.. - 0.01 . ... ,0.01 ' ··'· o.or· o~of · .- 0.0 0.01 .. : . . ···' 0.0( ,.::.' o.of · ,_ ,- :·· o.ol ,:_., . .. i: -::~o.or . .. ,:i.· o.oL.: .. o.o 

1--:- -r f I I I ~- -l 

~ ~nerw!lld Mh r:NIRSLM blllled on 1 11.(J MAF CVP & SWP fhlrnand 
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s..m Llis & Vtfta Mendobl Wal>lr Authcrily 

CVP San Luis Storage (KAF) 
Est. CVP Tracy EJlport (KAF) 
Actual CVP Tracy Expori (KAF) 
Est. '!NIP/CVP Banks Ellport (KAF) 
Al:tual SWP/CVP Bank.9 Export (KAF) 
San Joaquin Rlver Flc:iwa to Mendota Pool 
Orcas Available CVP Supply (KAF) 

Upper CMC Oemands (KAF) 
Lowef' OMC Demllllds (KAF) 
Estimated Upper/Lower DMC Deliveries 
Actual Upperll.owe< DMC Oeliverles 

Watltlr RJghts Contra.ct Demands (KAF) 

Estimated PtlOJ Deliveries 
Actual Pool Oelivetles 

Estimated SLU DeUverrea 
Actual SLU Oellveties 

Estimated ~n Felipe Div. Oellverhts 
Actual San flllpe Dtv. Dellvenu 

Esllnutea Southern CVP Oellveries 
Actu.1J Southern <::VP C>ellverlH 

Total OellveriH SQulh of Oelta 

E.tlnuted EOM ~ Lula CVP RH. Sbage 
AdJualed Maxlmum EOM Storage (KAFJ 
San Lula CVP Exceedance 

CVP SOUTH DEL TA WATER SUPPLY· DETAILED IMPACTS 

EPA BASE STUDY 2 

San Luis CVP Storage (KAF): .. " 753.6 
As of: · 03/01i32 

···-·-·· --....- · ·· ·· ·-· --- ·- - --· 
753.6 697.7 620.3 617.9 443. 1 

77.0 111.0 184.0 179.0 85.0 
. 0.0 0.0 ·:·. -. o.o ··· O.O .• 0.0 

0.0 0.0 0.0 0.01 0.0 

- ·-.-,,-- -
89.1 

271.0 
. • 0.0 

0.0 
-. . · O:O ·o.o -- .·o.o ··' 0.01 · i·. :. . 0.01 : · . ·-0.0 

0.01 0.0 79.3 -'6.0I 0.0 0 .0 
830.61 808.7 883.8 842.9 528.1 360.1 

17.8 24.7 34.7 42.3 49.1 23.3 
13.3 20.2 27.6 26.4 34.2 16.8 
31.1 44,g 62.3 70.7 83.3 40.1 

0.0 0.0 0.0 0.0 0.0 0.0 

Group 2 AJlocation (%) ·.; · 55 .-.;;: ~ 
Exchange Cootractors (%) : ~.: . 75 ·~"- · 
Demand Pattern ('"° year) ·. · -'-so ·. -_-:. ~ 

Water Year 1932-33 
----·---· - - ---- · · -- -- ···--· 

135.5 297.6 355.6 
248.0I 175.0 201 .0 

.... . .. o.o . 0.0 ... ' .... ·o.o 
0.0 0.0 0.0 

.. ·, .. . , .... , 0.0 ·. ·.-,.,.: .': Q.O .,.;:;. ~-·- ':".-0.0 
0.0 0:0 0.0 

363.5 .i12.6 656.6 

17.8 32.0 1-4.8 
19.3 36.3 15.9 
37. 1 66.4 30.7 . . 

0.0 0.0 . . .... o.o 

----·----- --··--· . --- --· 
47'3.91 700.91 837.3 
252.or 260.0 136.0 

. :-. . - : 0.01 · ·: 0.0 .. _: .. : ; :o.o 
35.0I 0.0 0.0 

--=::, , ...... : 35.0l : :,:·.-. ~:-::··o,o ,-.o.:· .. ·: :.~ 0.0 
0.01 0.0 0.0 

770.91 geo_g 973.3 

5.41 11.9 11 .5 
4.81 11 .7 10.2 

10.21 23.7 21 .6 
0.01 0.0 . 0.0 

I 2u1 52.61 66.61 12t9I 121.91 75.31 · 111.01 10.11 16.11 21.Jl 6t .9I 69.91 

5.6 
0.0 

5.6 6.'1 9.61 15.7 7.7 1.1 0.8 0.9 1.0 1.7 2.3 
0.0 0.0 0.01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

1 132.sl 18il4r-2s-s:-ITT99]!r - 439.or·-m.-sc----88:-or==--nror ev1 10.01 123.71 1Js.s1 

697.7 620.3 617.9 443.1 89.1 . 135.5 297.6 3.55.6 473.9 700.9 837.3 837.6 
, ... .... o.o ·· ·; o.o · .'· 'o.o - o.o o.o ·: o.o ..... , ..... ~ ... o.o ·.~· · . · o.o · .. ,~--~-:-''"O.o .'.: :;, .. :· .. o.o ,._ .. ;:. :- o.o . :;: ~;; .· ., o.o 

Upor!ll ~with OWRSIM bawd en • e.o M.AF O./P & SWP demand 

RMud: 08I03l9"4 10:32:13 



S.n l.ull 4 Oe.ll• Mcnclola W•l<lr il.uttoority 

CVP San Luis StOfage (KAf) 
ut. CVP Tr1t1y Export (KAF) 
Actta1I CVP Tracy Export (KAF) 
Est. SWP/CVP B11nka Export (KAF) 
Adual SWPKNP Banlta Export (KAF) 
San mquln River Flows to Mendota Pool 
Gross Available CVP Supply (KAF) 

Upper OMC Demand• (KAF) 
Lower DMC Dem11n«U (KAF} 
EJtimded Ui:>per/Lower OMC Deliveries 
Adual Upper/Lower OMC Deliveries 

W~ Rlghb Contract Demands (KAF) 

Estimated Pool ~lveriH 
Actual Pool Oeliveflea 

E1timded SLU Deliveries 
Actual SLU ~lv11rle1 

E.stimllted ~ F ellpe Div. Dellverles 
Actual San Felipe Div. Deliveries 

Estimated Southern CVP Deliveries 
Actual Southern CVP Oellverln 

Tat.al Delhrenes South of Delta 

Es11nated EOM San Lula CVP Ru. Sfontge 
AdJuated Maximum EOM Slorage (KAF) 
Sa.n Lufa CVP Exceedance 

CVP SOUTH DEL TA WATER SUPPLY· DETAILED JMPACTS 

EPA BASE STUDY 2 

San Luis CVP Storage (KAF): · 837.6 Group 2 Allocation(%) , 60 ·' ·:.· 
ExcJiange Conlractor5 (%) ·:·.:.: 75: ; .: As ot. 03/0113~ ' 
Demand Pilttem 1% vearl ·. ' SO :···.: 

Water Year 1933-34 

···-·-·· --··· ,.,_. --··· --·· ··----· ----···---· -----· ••- ~-•••--r 

837.6 755.2 84a.3 458.9 217.21 75.81 87.9 108.6 191 .S 
58.0 90.0 89.0 179.0 283.0I 227.0 128.0 201.0 231.0 

·. 0.0 .... ·. 0.0 · · .·.o.o .· ·o.o - . 0.01 ·: ···'0.0 .. ... 0.0 . . . .. 0.0 . 0.0 
0.0 0.0 0.0 o.o 36.01 0.0 0.0 0.0 0.0 

•· .. ·. o.o .. ,_, ·-'o.o · ~ · · .o.o ... ·o.o .. 38.0I' - .... ·. o.o ... ~~ · .•. , ...... :o.o ·., · .,' . 0.0 .. . ·0.0 
0.0 0.0 0.0 0.0 0.01 0.0 0.0 0.0 0.0 

895.6 845.2 737.3 637.9 SJS.2! 302.81 195.9 309.6 422.S 

18.8 25.9 36.5 45.21 52.41 24.7 1aoj 32.2 14.9 
13.9 20.8 28.6 30.01 36.0I 17.5 19.41 36.4 16.0 
32.7 46.7 65.1 75.21 88.4J 42.3 37.41 68.6 31.0 
. 0,0 · ... o.o 0.0 0.01 0.01 0.0 . 0.01 0.0 a.o 

_._.__.,, __ , -----· . --- ---
338.6 S29.3 &"3.4 
282.0 260.01 190.0 

: .-- ·.: . ~ 0.0 .. . 0.0 .· . · ·. 0.0 
0.0 0.0 0.0 

·. ::.: ·'·:,o.o .. · .:::::.:· 0.0 . .... ·o.o 
0.0 0.0 0.0 

600.61 789.3 . SSJ.4 

5.6 12.3 11 .9 
4.9 f1 .9 10.'4 

10.5 24.1 22.3 
. . 0.01 . 0.0 ... . 0.0 

I 21 .31 s2.sl eo.61 121 .91 121.91 15.31 14.0[ ____ 10.11 16.11 21.3[- 61~91 m--=6f91 

11 .1 13.9 16.0 11 .21 9.5 6.8 8.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 

69.6 103.5 168.8 188.2 83.9 12.9 12.0 11 .4 11.6 28.8 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 a.o 0.0 0.0 

6.8 4.6 11.9 14.3 15.2 8.2 7.0 7.0 11 .0 11 . 1 6.9 5.6 
0.0 .. 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 

, 
6.1 7.0 10.4 17:1 19. 1 8.4 1.2 0.9 1.0 1..1 1.8 2.5 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a.o 0.0 0.0 

I_ 14_0.4L_1j7.ol i1~.4l 420.7} 462.41 234.91 li7.41 116.1 i ___ B3.9J 71.31 125.9[ 138..71 

755.2 1548.3 458.s 217.2 75.8 67.9 108.6 191.5 3:38.6 529.3 663.4 71'4.6 
-·. 0.0 ,:.:: 0.0 -· 0.0 . 0.0 o.o ... , ··:· o.o '" .· .. ···-.o.o ···c=· - .. o.o "",.,_ ·· '. O.O .:. · .. -· :·:. =O.o · .. ,.· .. :=· o.o -: = 'c.,· .. o.o 

~ Qenenlitd ~ OWRSIM beled on 1 8.0 .IMF CW & SWP dlmand 

R.l'l!Nd; 08llX!l94 1 C>.:5 f :23 



San Lula & Ddl• •11nc!ola Wei.et Au1tlarity 

CVP San Luis Storage (KAF) 
Est. CVP T~ Export (KAF) 
Aclual CW Tracy Export (KAf) 
Est. SWPfCVP Banks Export (KAF) 
Aetu1I SWP/CVP Banks Export (KAF) 
San Joaquin River Flows to M4tndohl Pool 
Gross Available CVP Supply (KAF) 

Upper OMC Demands (KAf) 
Lower OMC Demands (KAF) 
Estimated Upper/Lawer OMC OelW.rlu 
Actual Uppen'lowar DMC O•llveriu 

Wab!r RJght.s Contract Demands (KAf) 

Estimated Pool Deliveries 
Actual Pool Deliveries 

Estimated SUI Dellveriu 
Actual SLU Deliveries 

Estimated San Fel ipe Olv. OeDverieJI 
Actual San Felipe Div. OellverlH 

Estlm~ Southern CW Deliveries 
Aciual Souttiem CVP DeUwries 

CVP SOUTH DEL TA WATER SUPPLY - DETAILED IMPACTS 

EPA BASE STUDY 2 

sanTuis CVP Storage (XAF): .:714.6: 
As ot 03/0H34 

M 'I LI J 
71-4.6 704.7 548.3 -427.2 218. 1 
106.D 15.0 119.0 1419.0, 253.0 

. : 0.0 ·.· .... 0.0 .. ·. 0.0 ··0.0 . 0.0 
0.0 0.0 0.0 0.0 0.0 

·-o:o .: .. :'. '0.0 ~ .. ·· 0.0 , >o.o :: .. 0.0 
0.0 0.0 0.0 0,0 0.0 

~2.6 719.7 667.3 576.2 471.1 

15.71 22.3 31 .1 36.-4 4251 
12.21 18.9 25.7 25.2 30. 71 
27.81 41 .2 56.8 61 .6 73.21 
0.01 :·. 0.0 . 0.0 0.0 0.01 

I 21.JI 52eI-ss.6I 121 .sl 127.91 

I I I I I 14.41 
0.0 

142.0 
0.0 

5.3 4.0 11 .1 12.9 13.6 
0.0 0.0 . o.o 0.0 0.0 

4.6 5.2 7.8 128 14.3 
0.0 0.0 0.0 0.0 0.0 

7S.81 
212.0 

0.0 
0.0 

· .... ·0.0 
0.01 

290.8 

20.4 
15.2 
35.6 
0.0 

75.3! 

10.2! 
0.0 

63.5 
0.0 

7.5 
0.0 

6.3 
0.0 

Group 2 Allocation(%) 
Exchange Contractors (%) 
Demand Pattetn 1% vest) 

Water Year 1934-35 

86.8 144.6 
. t411 .0 178.ol 
.. 0.0 0.0 

0.0 0.0 
.... ·.· .. 0.0 ... ·. ,Q,O 

0.0 0.0 
227 .8 322.6 

17.4 31.7 
19.1 36.2 
38.5 67.9 
·0.0 0.0 

14.ol 10.7! 

9.61 
0.0 

14.51 
0.0 

10. 1 9.6 
0.0 0.0 

6.9 6.9 
0.0 0.0 

0.9 0.7 
0.0 0.0 

. 4.5 ·: .. : ... 
. 75 :_::· 
50 

~-

207.9 
227.0 
· ·o.o 

0.0 
· ... ·.-· ... 0..0 

0.0 
4~. 9 

14.41 
15.8 
30.2 
0.0 

16. 11 

9.4, 
0.0 

9.0 
0.0 

11.0 
0.0 

0.7 
0.0 

~ 

354.7 625.3 760.1 
282.0 260.0 151 .0 

. ·.·· 0.0 .. 0.0 '·' :.- , ... ::o.o 
76.0 0.0 0.0 

. . · .. ... ·. 76.0 .. ·' 0.0 :; 0 .0 
0.0 0.0 0.0 

692.7 8SS.3 917.1 

5.1 11.J 10.6 
4.6 11.4 9.7 
9.7 '127 20.J 
0.0 0.0 . 0.0 

27.31 sul 6!UI 

6.71 
0.0 

7.8, 
0.0 I 

15.5 20.6 
0.0 0 .0 0.0 

11.0 6.8 5.3 
0.0 0.0 0.0 

0.8 1.41 1.9 
0.0 O.Cl 0.0 

Tcrtai Oenverles Soutt\ of Cella I 117.9! 1 T1AC240.2C358.0I 392.41 204.0I 83., I 114. 71 80.31 67.31 119.2! 129.5) 

&timatecl EOM San Lul1 CVP Res. Storage 
Adiu-tecf Mu:lmum EOM Slonige (KAF) 
S..n Luis CVP Ex~ance 

704.7 
' 0.0 

Elporta gencrsted \Oith OWRSIM tined on 1 6.0 MAF CVP & SWP dorrmnd 

548.31 -427.2 
·· "·'· 0.01 ·- "· 0.0 

I 

fll'WIMd: 08io:Jl94 , Ck5!5:28 

218.1 78.8 86.8 
0.0 0.0 0.0 

144.6 207.9 354.7 625.3 7fre.1 I 787.71 
0.0 0.0 . 0.0 0.0 ·, ·. 0.01 .· . 0.01 

I I 



, ._ ._, ___ ....... ,_ , . , _. , , _..., ___ 1 ,.,_. "' "-' ' ' \ U\t l V&l\J 

Year 

1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 

·;1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 . 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1946 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1956 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 

Shasta 
Inflow 

4548 
3635 
2439 
5035 
3711 
6917 
5105 
3176 
4147 
2536 
3624 
3452 
3318 
4840 
4605 
4117 
9511 
3470 
6998 
6701 
7603 
5873 
3670 
4837 
5893 
3904 
5403 
4324 
4126 
6314 
7779 
6544 
6558 
4111 
8821 
5371 
9696 
5098 
4728 
5070 
5255 
7003 
3903 
6976 
5319 
7385 

Year 
Tyoe 

2 
3 
6 
2 
5 
1 
2 
6 
3 
6 
3 
5 
5 
2 
2 
3 
1 
6 
1 
1 
1 
1 
5 
3 
2 
5 
3 
5 
3 
1 
1 
1 
2 
5 
1 
3 
1 
5 
3 
5 
3 
1 

5 
1 ... 
3 
1 

CVP South Delta Water Supply Impacts 
EPA Study 28 

[Base+ NMFS Salmon+ EPA 1968 LOO] 

San Joaquin 
Flow 

to Pool 

190 
0 
0 
0 
0 

124 
0 
0 
0 
0 

125 
0 
0 
90 
98 

190 
376 

0 
57 

280 
164 
136 

0 
179 

4 
0 
0 
0 
0 

45 
334 

0 
0 
0 

264 
0 

241 
0 
0 
0 

95 
86 
0 

156 
4 

375 

Annual Exchange M&l. 
CVP CVP Contractor Refuges, 

Exports Water Supply Allocation Losses 

Units are thousands of arce feet 
2631 2821 888.1 600.7 
2661 2661 888.1 600.7 
2436 2436 666.1 600.7 
2360 2360 888.1 600.7 
2549 2549 888.1 600.7 
2715 2839 888.1 600.7 
2768 2768 886.1 600.7 
2405 2405 666.1 600.7 
2335 2335 888.1 600.7 
1486 1486 666.1 600.7 
1749 1874 666.1 600.7 
1786 1786 666.1 600.7 
1769 ·1759 666.1 600.7 
2455 2545 888.1 600.7 
2712 2810 888.1 600.7 
2746 2936 888.1 605.1 
2588 2964 888.1 610.4 
2633 2633 888.1 600.7 
2649 2706 688.1 600.7 
2678 2956 886.1 609.4 
2809 2973 888.1 612\2 
2834 2970- 888.1 611.7 
2667 2667 888.1 600.7 
2781 2960 888.1 609.7 
2705 2709 888.1 600.7 
2629 2629 888.1 600.7 
2530 2530 888.1 600.7 
2600 2600 888.1 600.7 
2657 2657 868.1 600.7 
2763 2808 888.1 600.7 
2662 2996 888.1 616.7 
2666 2686 888.1 600.7 
2781 2781 888.1 600.7 
2455 2455 888.1 600.7 
2619 2883 888.1 600.7 
2838 2838 888.1 600.7 
2727 2968 888.1 611.3 
2656 2656 888.1 600.7 
2597 2597 888.1 600.7 
2527 2527 888.1 600.7 
2617 2712 888.1 600.7 
2786 2674 886.1 600.7 
2405 2405 886.1 600.7 
2564 2720 888.1 600.7 
2687 2691 888.1 600.7 
2631 3006 886.1 618.6 

Available 
For Ag 

Contractors 

Ag Contractor 
Allocation 

(%) 

1332.3 70.2 
1172.3 61 .7 
1169.3 61.6 

871 .2 45.9 
1060.3 55.8 
1350.3 71.1 
1279.3 67.4 
1138.3 59.9 
846.2 44.6 
219.3 11 .5 
607.6 32.0 
519.3 27.3 
502.3 . \ 26.4 

1056.3 55.6 
1321 .3 69.6 
1442.8 76.0 
1465.1 77.2 
1144.3 60.3 
1217.3 64.1· ~ 
1460.8 .. i&S . 
1472.7 77.5 
1470.2 77.4 
1178.3 e2.o 
1462.2 77.0 
1220.3 64.3 
1140.3 60.0 
1041.3 54.8 
1111 .3 58.5 
1168.3 61 .5 
1319.5 69.5 
1491.2 78.5 
1197.3 63.0 
1292.3 68.0 

966.2 50.9 
1393.6 73.4 
1349.3 71.1 
1468.6 77.3 
1167.3 61.5 
1108.3 58.4 
1038.3 54.7 
1223.3 64.4 
1365.3 72.9 

916.2 48.2 
1231 .5 64.8 
1202.3 63.3 
1499.4 79.0 



Veer 

1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

_,' .._.' .._. ,, ' ' ~·-_.., .._ ,.,,,,,,_,,,_.. r •• • •-• " ..,._.._ , 

Shasta 
Inflow 

4776 
7666 
7904 
7316 
5076 
6162 
10782 
6391 
3597 
2625 
7827 
4025 
6418 
4098 
9011 

10796 
6667 
3972 
7547 
3947 
3930 
4755 
3619 
3051 
3621 

Year 
Type 

3 
1 
1 
1 
3 
2 
1 
2 
6 
6 
1 
5 
1 
6 
1 
1 
1 
5 
1 
6 
6 
3 
6 
6 
6 

CVP South Delta Water Supply Impacts 
EPA Study 2B 

[Base+ NMFS Salmon+ EPA 1968 LOO] 

San Joaquin 
Flow 

to Pool 

0 
383 

B 
0 
0 

175 
202 
24 
0 
0 

367 
58 
414 

1 
321 
713 
184 

0 
372 

2 
0 
0 
0 
0 
0 

Annual Exchange M&I, 
CVP CVP Contractor Refuges, 

Exports Water Supply Allocation Losses 

2674 2674 888.1 600.7 
2635 3018 888.1 621.0 
2682 2690 888.1 600.7 
2835 2835 888.1 600.7 
2723 2723 888.1 600.7 
2753 2928 888.1 603.5 
2769 2971 868.1 611.8 
2706 2730 888.1 600.7 
2513 2513 888.1 600.7 
1084 1064 666.1 417.9 
2205 2572 888.1 600.7 
2844 2902 888.1 600.7 
2599 3013 888.1 619.9 
2838 2839 888.1 600.7 
2740 3061 888.1 629.2 
2569 3262 888.1 671.9 
2484 2668 888.1 600.7 
2720 2720 888.1 600.7 
2588 2960 888.1 609.7 
2663 2865 888.1 600.7 
2312 2312 868.1 600.7 
2643 2643 888.1 600.7 
2297 2297 888.1 600.7 
1840 1840 666.1 600.7 
1981 1981 666.1 600.7 

75.7 98,6 80.0 
60.9 80.6 79.8 

Available 
For Ag 

Contractors 

1185.3 
1509.3 
1201 .1 
1346.3 
1234.3 
1436.4 
1470.9 
1241.3 
1024.3 

0.0 
1083.2 
1413.3 
1504.7 
1350.3 
1543.7 
1721.9 
1179.7 
1231.3 
1462.0 
1376.3 

823.2 
1154.3 
808.2 

Ag Contractor 
Allocation 

(%) 

62.4 
79.5 
63.2 
70.9 
65.0 
75.6 
77.5 
65.4 
53.9 

0.0 
57.0 
74.4 
79.2 
71.1 
81.3 
90.7 
62.1 
64.8 
77.0 
72.5 
43.4 
60.8 
42.6 

573.3 30.2 
714.3 37.6 

61 .8 
38.5 

Exchange Contract 888.1 KAF full supply and 666.1 KAF (75% supply) when Shasta Inflow Criteria is not met. 

Refuges and M&I: Receives not less than 75% of level 2 supplies under CVPIA. {247.4 KAF refuge full supply 
with 37 KAF for Kesterson Mitigation. M&I never receives fess than 75% of 155.1 KAF) 

Losses: 

Contractors 
1~-

CvPEPA20.W111 

260 KAF regardless of delivered quantites (Includes losses in DMC and Mendota Pool). 

1899.0 KAF full supply . 
San Luis Unit 
DMC (Ag Only) 
San Felipe 
Mendota Pool 
Cross Valle 

(TASJ Rovl>«t 07n 8/94 

1236.5 KAF 
407.2 KAF 
68.7 l<AF 
58.6 KAF 
128 KAF 

01:~:26PM 



san L'"• & Delta Me.'JC!Clll war Autllartty 

CVP S.1r1 Luis SIOf'age (KAF) 
Est. CVP Tracy Export (KAF) 
Actual CVP Tracy Expor1 (KAF) 
Est SWPICVP Bariu ExpOrt (KAF) 
Actual SWP/CVP Bank'S EJr.port (KAF) 
Sm Joaquin River Flow1 tD Mendota Pool 
Groaa Available Cl/P Supply (KAF) 

Upper DMC Demands (KAI') 
Lower DMC Demand1 (KAF) 
Estimated Upperll.owu OMC Oellverle:s 
A.dual Upper/Lower OMC Deliveries 

Water Right. Contract Demands (KAF) 

E.sllm.ated ~ Deliveries 
Actual Pool Dellverfes 

EsllmateG SLU Deliveries 
Actual SLU Delfverle..s 

U11ma12d San Felipe Clv. Dellverle.s 
Actual S•n FeUpe Div. Dellwnes 

Estlm.ted S<luthern CVP Cellverles 
A.dual Southern Cl/P Dellwnea 

Tobi Dellverles South of De.Jta 

Utlmated EOM San Lula CVP Res. Storage 
Adju1t.d Maximum EOM storage (KAF} 
San Lula CVP Exceedanc:.e 

CVP SOUTH DELTA WATER SUPPLY - DETAJLED IMPACTS 

EPA STUDY 28 

San Luis CVP Storage (KAF): ~ ::. -:.865.D: 
~ ot ~'03/01f.28 : 

Groop 2 Allocation(%) ·:·: · ...... 65· ~--<:. 
Exchange Contractors(%) . :: Si1cXl' /:'.'.' 
Demand Patt em /% vearl · · -· ,_.:·.75 · · ·:· :-

Water Year 1928-29 
Mareh April May jurie Juty August Sal)(~ber October November 

865.0I 971 .0I 837.81 617.81 268.SI 52.51 11>5.91 244.51 366.1 
275.0I 74.0I 75.0I 105.0I 283.0I 291 .0I 243.0I 246-01 252.0 

~ : : o.o~ <~ ·;_o.of .. , ;;. o.ol · <o.ol-:·:." .... '· o.ol·..:·_·.: .. ': a . or. ~.~- ~··· o.ol . '. ·';. · .. ::.0.01 ··· ··== :' .• o:o 
0.01 0.01 0.01 0.01 0.01 s1.01 0.01 0.01 o.o 

··-·. _-~ 0.01--''*':: o.oh.' ... ·-0.01 •. .-., 0.01 ·-· ~ '·''· .. o.or ·':<:. 51 ;01..: .·:,· ! :, ~. - 0.01 -:, .. .-, ..•. :::;: 0.01 -: .. :,'.:_ ..... , .. ,. o:o 
0.01 0.01 0.01 0.01 0.01 0.01 a.OJ 0.01 0.0 

1140.0I 1045.0I 912.81 722.81 551.51 · 394.51 348.91 492.SI 618.1 

16.1 24.8 35.7 44.2 51 .S 26.8 19.7 32.9 18.7 
124 20.3 28.2 2S.4 l5.5 19.7 20.3 36.8 17.0 
28.5 45.1 63.9 73.6 87.1 48.5 40.1 69.7 33.6 

. ·. 0.0 ., .. :: o.o ·· ... 0.0 . 0.0 . 0.0 ·:;- ... -0.0 .. o.o .. . 0.0 >· 0.0 

December Januuy Februarv 
516.41 599.81 777.9 
262.0I 260.0I 161 .0 

•.':'-. :··.::o.ot -:"' ·.:.-- · ... :o.DI .:: -: ·:.":·'' o.o 
26.01 0.01 0.0 

=; ·:-,_. =·- :2.8.0F::· .. ,_ .. ·. ;O. Of:::.. .-, ·. -0.0 
O.Df 0.01 0.0 

BCJ4.41 959.el 938.11 

9.1 17.2 14.9 
6.8 14.5 12.0 

15.8 31-8 26.9 
--·. ·o.o _. .. , -·-.o.o -: .... ::: 0.0 

C)8.4I .. 7o~2J~ as.al 162:5C 110.s1 100.4! · 18.71 -,4.21 22.2( 36.41 e2.si g3.3I 

· .... .:..;.: 

5.3 4.4 11 .8 15. , 8.8 7.3 11.3 11.6 
.. o:o -.· .. -·· o.o :.i. O.O 0.0 0.0 - · ..• Q.O .· . . : -• .. o_o · .. :.- o.o 

4.8 10.1 . 16.6 18.7 10.4 2-0 1.8 2.7 4.21 4.0 
0.0 . ,; ·1 ·0.0 · - · o_o :. · ·'·- o.o 0.0 ·0.0 · . . 0.0 ·.·· -.·;.:· :' 0.0 :".· .. : . 0.0 .... ·-0.0 

I 128.21 207.21 295:JC454~21 499.11 288.SI· 104.41 126.41 101.71 104.81 181.71 183.41 

1011.8 837.8 617.8 268.5 52.5 105.9 244.5 366.1 518.4 899.6 777.9 755.5 
-: ·971.0 ·,:::i'ro.o ·.:· :-:o.o :~·. o:o ·.-,,7~_.:~ o .o .-~:=:""'o .o '::-''°·'··-"·'·' o.o ",..,,-,.:...: ·.:o:o ~ .. -:+.:·,=·:. o.o ~ · .. _~,,,,.:=:o:o ~:.,~ . ~~ o:o ···· -"-=';;:' O.o 

40.8 

E:qx>rt. ~ ""111 OWRSU.f baed on 18.0 MAF C\/P & SWP demlnf 

fblvisea: ~ 10:1s:1a 



.::.<1n L U• • t Ul:f'~ a1•noou vv.1tcr A.Utr..oruy 

CVP San Luis Storage IKAF) 
Est. CVP Tracy Export (KAF) 
Actu•I CV? Tracy Export (KAF) 
E.sl SWP/CVP Banks Export (KAF) 
Aciual !NIP/CVP B•nks Export (KAF) 
San Joa::)uln RJver Flows lo Mendota Pool 
Gross Avallable CVP Supply (KAF) 

Upper DMC Oemal'lds (KAF) 
Lower OMC l:>em•nd• (KAF) 
E.stJmated Upperll..ower OMC Oellverles 
Actual Upper/Lower OMC Deliveries 

Wai er Rfahts Contract Demal'l<I• (KAF) 

Estlm~ Pool Oellveties 
Actu aJ Pool Oeilvenes 

Estimated SLU Oollw:rles 
Actual SlU Oeltw:rles 

Estimated San Felipe orv. Oellwrles 
~ San Felfpe Div. OeUveria 

Est Im ated S oothe.m CVP Del lveries 
Actual Southern CVP Oeltveries 

Total Oellvefies South o( Delta 

E..Um.rted EOM San Luis CVP Ret. Storage 
Adjusted Mulmum EOM Storage (KAF) 
S.:in Lula CVP Exceed a nee 

CVP SOUTH DEL TA WATER SUPPLY· DETAILED IMPACTS 

EPA STUDY2B 

sari Luis CVP storage (J<AF): . " . 755.5 
As or: :· .°-3/0~(29 

-------· . ·-··- ···-· --·-- ---· 
756.5 73'4.6 634.2 468. 1 217.0 
97.0 71.0 74.0 107.0f 263.0 

:. ·o.o ;,.;:. o.o .,, · ... o .. o .. 0.0 .. " 0.0 
0.0 0.0 0.0 0.0 1-1 .0 

~ : .... :o.o -+ · .·~ o.o .,: .. 0.0 " · 0.0 ·' ,. 14.0 
0.0 0.0 0.0 0.0 0.0 

852.5 805.6 708.2 575.1 51.i.or 

15.7 223 31.1 36.4 42.5 
12.2 18.9 15.7 25.2 30.7 
27.8 41.2 56.8 61 .5 73.2 

___ ,... ___ 
121 .7 
291 .01 

'· .· 0.0 
90.0 

. ',, : 90.0 
0.0 

502.7 

20.4 
15.2 
35.B 

. 0.0 0.0 0.0 0.0 : 0.0 . 0.0 

Group 2 Allocation (%) • :.,, 45 . . 
Exd'tange Contractors (%) · .:.,:." ·. 75 ::, ::''= 
Oemand Pattern {% vear) SO .• · · · 

Water Year 1929-30 
-------··--· ------ -----------

291.l. 7 Jll.4.5 . 433.8 
169.0 164.0 242.0 

:' . '..: .. 0.0 0.0 ·'. 0.0 
0.0 0.0 0.0 

"' . ... : ...... · 0.01 " . , . 0.0 ... "·-~ 0.0 
0.01 0.0 0.0 

407.7 54a.5 675.8 

17.4 31.7 14.4 
19.1 36.2 15.8 
36.5 67.9 30.2 

. .... · ... 0.0 . . 0.0 " .. o.o 

---------· --· ·--- - -----· 
595.6 790.2f 931 .0 
2152.0 260.0 160.0 

" 0.0~ . :o.o " 0.0 
0.0 0.0 0.0 

... ·"" 0.0 .,. .. :o.o ·. :: . . .. · 0.0 
0.0 0.0 0.0 

857.6 1060.2 1091.0 

5.1 11 .3 10.6 
4.6 11.4 9.7 
9.7 '12..7 20.3 

., . 0.0 0.0 . .. 0.0 

I 21 .31 52.sl 68.61 121.s! 121.91 15.31 ·1.c.ol 10.11 16.1! 21.31 61 .9! --s9~1 

1'4.1 14.41 10.21 9.8 9.4 6.7 7.8 8. 1 
' 0.0 . 0.0 ....... o.o . " ·.·. 0.0 .• 

" . -· 0.0 : 0.0 ·0.0 

'45.7 52.7 78.3 127.5 142.0 63.5 10.1 9.0 9.0 15.5 20.6 
·· o.o ·'·· 0.0 . . 0.0 . a.o ·o.o . ... " o.o ·0.0 ... .. .. o.o ·o.o .. 0.0 ..... :0.0 

5.3 4.0 11.1 12.9 13.6 7.S 6.9 6.9 11.0 11.0 6.8 5.3 
.· o.o ........ o.o .. .: .. o:o ... . o.o 0.0 . 0.0 . ·.· .. " .. 0.0 0.0 ~~f.! . . 0.0 . . ". 0.0 0.0 . ,; 0.0 

4.8 5.2 7.8 12.8 14.3 6.3 0.11 0.7 0.7 0.8 1.'4 1.9 
. 0.0 "·= 0.0 0.0 0.0 ·:·. ' 0.0 · ·· .. O.O 0.0 0.0 . : " · ·"-: 0.0 0.0 ... ·:. 0.0 ".·~ · - " 0.0 

J 117.9( 171.41 240.21 JSB.dl 392.41 204.0I 83.11 114.71 80.3( 67.JI 119.21 129.5] 

734.61 634.21 468.11 211.01 121.11 298.71 384.5 433.81 595.61 791>.21 931 .0I 961.6 
. ,, .~·, .o.o 1 • .. .,:=::~.0.01 ·:-:".:: 0.01 -~ - 0.0 I ·: ,, ... ,, .. o.ol :.:_ .. , ... :; o.o 1·-.: .. ~ .. : ..... :: o.o ·· o . 01 ·.~~''' .. 0.01 -.::: ... . ·.-= · .. " 0.01 , .... , ~- o.ol ·='·"- ·-·::·;"o.o 

~ i;crented >M!tl OWRSIM ~ Oil 1 S..0 IMF Cl/P & SWP demand 

~= OIW2llM 1~:41 



.:>iln um o uena ettenacta water NJ/.nct'lty 

CVP San Luis Storage (KAF) 
Est. CVP Tracy Export (KAF) 
ActiJ;il CVP Tr~ Export CKAF} 
E.st. SWP/CVP Banks Export (KAF) 
Aciual SWP/CVP B;inks E.1tpor1 (KAF) 
San Joaquin River Flaws to MendoCa Pool 
Gron Available CVP Supply (KAF) 

Upper OMC Demands (KAF) 
Lowa DMC Demands (KAF) 
Estfrnrted Upper/lower OMC Dellverles 
Actual Upper/LOWef DldC Dttllveril!ll 

Water Righi• Contract Demands (KAF) 

E11imated Pool Dellvertes 
Ac1.mll Pool ~lverle8 

Estlmlt.td SUJ Oe:Jlvarles 
Actulll SUJ Oellverles 

Estimated San Felipe Div. Deliveries 
Act\lal San Felipe Div. Deliveries 

Estl~ Southern CVP OellverJe.s 
Adum Southern CVP Cellverles 

Total Odlverl~ South of Delta 

Es1lmated EOM San Lulll CVP Res. Stofage 
Adjusted Mulmum EOM S1oraqe (KAFJ 
San L.ul9 .cvP E.xeeedance 

CVP SOUTH DELTA WATER SUPPLY - DETAILED IMPACTS 

EPASTUDY28 

San Luis CVP Storage (KAF): . · S61.6 
- As of: · 03/01/JO 

... -·· ...... .. · - · ~ -- --- --- . 
961 .6 971.0 839.0 626_2 290.7 
241 .0 74.0 75.0 105.0 283.0 

0.0 .. · · :.:· 0.0 ... ·:.o.o . 0.0 .. . . 0.0 
0.0 0.0 0.0 0.0 0.0 

. -----· 
92.1 

267.0I 

Group 2 Allocation(%) · · . . 55 .,., .. ·. 
Exchange Contractors(%) .:. ,..:.100J:~ 
Demand Pattern (% ve-ar\ · . ' 50 '·· ·: · 

Water Year 1930-31 
--.---···--· ------· --- ---··-- · 

109.4 2'20.8 241 .3 
202.0 141 .0 236.0 

... ·._ 0.01 . ·.: · .. o.o ·: . 0.0 · ··- ··:~ o: o 

0.0 0.01 0.0 0.0 

- ---- · --- --- - - - .I - - -

J89.0 616.9 732.6 
262.0 260.0 86.0 

. ... ·:0.0 ~ 0.0 · =o.o 
45.0 0.0 0.0 

,, ·_ 0.0 ·:·' '· ·<l:O . ·. 0.0 0.0 '".· ... o.o .·: ... ·: 0.0 .. .,.: , .. .. 0.0 ;: ·. 0.0 .. ~ · ,_ ... o.o ·. "-' '·'~ ·c. 45.0 -· .:.· ··0.0 .·· 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.ol 0.0 0.0 0.0 0.0 

1202.6 1045.0 914.0 731.2 573.7 359.1 311 .~ 361.8 4n.3 696.0 876.9 . 818.5 

17.8 24.7 34.7 42.3 49.11 23.31 17.8 32.0 14.8 5.4 11 .9 11 .5 
13.3 20.2 27.6 28.4 34.21 16.81 19.3 36.3 15.9 4.8 11 .7 10.2 
31.1 44.9 62.3 70.7 83.31 40.11 37.1 68.4 30.7 10.2 23.7 21 .6 

. 0.0 .. . 0.0 .·'0.0 .·· .o.o . 0.01 . 0.01 . .. 0.0 0.0 . . 0.0 . . . 0.0 . " 0.0 ; . · . .. 0.0 

I 28.41 10.21 88.ef 162.S! 110.sl 100.41 ·1a.1I 14.21 22.21 36.-41 82.61 93.3] 

15.4 15.9 10.81 6.8 
·- 0.0 0.0 ·· o.o .. . .. .:0.01· 

63.9 95.1 155.1 172.8 77.1 11.9 11.3 10.7 16.5 24.7 
. 0.0 0.0 . 0.0 . 0.01 0.0 .. 0.0 . . 0.0 · ·o.o 0.0 ...•. 0.0 0.0 

5.6 -4.4 11.7 13.8 1U 7.9 7.0 7.0 11.0 11 .0 6.9 5.5 
; 0.0 ;,.. 0.0 0.0 .. 0.0 . 0.0 . 0.0 0.0 - 0.0 .· 0.0 . 0.0 ..... 0.0 ' . 0.0 

5.8 8.4 9.6 15.7 17.5 7.1 l.1 0.8 0.9 1.0 1.7 2.3 
0.0 ·-. . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0..0 . ··.'·' 0.0 0.0 ""· . . 0.0 

I 1.co.01 206.ol 2!17.al 44o.41 481.71 249. 11 90.61 126.sl 88.31 79. 1 I 144.31 159.ol 

1062.6 839.o 626.2 200.1 92.1 100.<1 no.a 241 .3 389.o s16.9 n2.s 659.7 
,,,g71 :0 · '::-.;~ o . o ',-;; o.o ·· .. o.o ··=-····:.·. o.o -·"""'·o.o ._ .... ,.· -,o.o · .. o.o --~~.; .;·,.--; o.o ... =. : .. =-, .. o.o ... ;.~~ '.=.o . o ·~·.' '-i~='-·:: o . o 

91 .6 

E.xprlfla flUlWll bed ~ Ol-JRSlr.t bued co a e..o MAF Cl/ p ' SWP '&m<lnd 

RllY!aad: <l8I02l94 13: \0-.32 r 
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.:,.a n Ulll 6 UUCil Me'f'UKAa YYat81 AIAnot"'I 

CVP San Luis storage (l<AF) 
Est. CVP Tracy Export (KAf) 
Actual CVP Tracy Export {KAF) 
Est. SWP/CV? Banks E:lport {KAF) 
A.dual SWP/CVP Bank.I Export (l<AF) 
San Joaquin Rlver Flows to Mendotl Pool 
Gross Available CVP Supply (KAF} 

Upper DMC Demands (KAF) 
Lo._,. OMC Oenunds {KAF) 
Es1l11:1ated Upper/Lower OMC Oellverfes 
Actu1I Upper/lower OMC Deliveries 

Water ~lght.s Contrac;t Demands {KAF) 

E.slimited Pool Deliveries 
Actual Pool Deliveries 

Estil!Ut2d SLU Dellvetffl 
Adu1I SLU Oellverfes 

E:llimatcd San Felipe Div. Dellverfes 
Actual Sari Felipe DIV. Oellverles 

Estimated Southern CVP Dellveriu 
Ac:tulll Soothem CVP Dellveriu 

Total Dell\lefles Sooth ol Oetta 

E.3tlrnated EOM San L.u l1 CVP Res. S1x>rage 
Adjusted Maximum EOM storage {KAF) 
San l.11 It C VP E:xuedance 

CVP SOUTH DELTA WATER SUPPLY· DETAlLED IMPACTS 

EPA STUDY 28 

San luis-CVP Storage (KAF): . · 659:7 Group 2 Allocation (%) .. ".10 · . 
As or: : OOl'O 1131 . Excnange Contractol$ {%) .. ' "·-'.'75"·, · · .. 

Demand Patt1rn C'lfi YNr) · 25 

Water Year 1931-32 
-· · - - · - ·-r-··-

659.7 640.7 551.4 405.0 ~- 1 1-43.41 93.6 141.21 145.7 2n.3 481 .31 639.4 
38.0 14.0 0 .0 78.0I 114.0 89.0 123.0I 114.0 205.0 262.0 260.0 214.0 

: ... "0.0 ·.- 0.0 . . 0.0 ·o.o · ··o.o . ',, 0.0 . 0.01 · . · ·o.o "." ": . 0.0 ... " 0.0 . · 0.0 . , , "".0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

·0.01:-:" ·0.0 .. _ .. o.o . ' 0.0 . " . 0.0 . . 0,0 ,' '· " 0.0 · ·. ·" · ·o.o . 0.0 " 0.0 . . . : .. 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

697.7 654.7 551 .4 483.0 378.1 232.4 216.6 255.2 350.7 539.3 741 .3 853.4 

7.1 12.6 17.8 16.7 20.2 11.21 16.31 31 .0I 13.S 3.7 8.9 7.1 
7.5 13.7 18.6 14.6 18. 7 10.21 18.SI 35.81 15.2 3.9 10. 1 7.8 

14.6 26.4 36.4 31.3 38.9 21 .41 34.81 66.71 28.7 7.6 18.9 14.9 
.. 0.0 .· 0.0 ·o.o 0.0 0.0 ... .. .0.01 0.01 0.01 . . 0.0 . 0.0 . . ". 0.0 . . 0.0 

1 2ul 52.sl .s6.61 12u1 121.91 1s.Ji i4.or-10.1f 1a.11 27.JJ- s1 .91 - 69:s1 

5.5 5.0 6 .3 2.8 4. 1 
0.0 0.0 0.0 0.0 0.0 

3.9 8.9 9.9 5.9 6.7 6.8 10.8 10.8 6.4 <1.8 
0.0 ·o.o 0.0 0 .0 0.0 0.0 . 0.0 0.0 " ........ o:o . ....... 0.0 

0.6 ,_ .. 3.3 3.6 1.9 0.3 0.3 0.3 0.2 0.2 0.2 
0.0 · 0.0 0.0 ·o.o 0.0 0.0 a.o 0.0 a.o 0.0 0.0 

07.ol 103.31 T46.srzf8.9C u2-34.7I 138.Bf 75.41 109.SI 73.41 5a.o[ --101--yr-- 104.8] 

640.7 551.4 405.0I 264.1 143.4 93.6 141.21 145.71 277.31 4.81 .31 639.41 748.61 
'·"· ·O.Oi .. ,,, 0.0 . ·" 0.01 .. .'· 0.0 " 0.0 ' . ·"~ 0.0 

. . 0.01 . . 0.01 - - . .. a.OI '· · ... "f'. o.ol ... - ::::o.ol o:· , ~ .. "-· 0.01 

I I I r I I I I I 

~ ;tncrlkd Will CNfRSll.f ~en a 6.0 YAF C\/'P & $WP demand 

Reviud: 06'Cl2/94 13: 14: +4 



:;an un 11o ucrt1 1o1enoo~ wa11:r /WlhJnf'/ 

CVP San Luis Storage (KAF) 
E.st. Cl/P Tracy El:port (KAF) 
Actinl CVP Tracy Export {KAF) 
Est. SWP/CVP s .. nb Export {KAF) 
Actual SWPICVP S..nks E.xport (KAF) 
S..n Joaquin River Flows to Mendota Pool 
Gron Available CVP Supply (KAF) 

Upper OMC Demands (KAF) 
Lower DMC Deman!b (KAF) 
Estimated Uppetll.ower OMC Dellverles 
Acbal Uppef'll.ower OMC OeHve-rlea 

W~ Rights Contract Demands (KAF) 

Estimated Pool Deliveries 
Actual Pooi Dellvet1es 

E.s11m-1ed SLU Cellverles 
ActlAI SLU Delfverlu 

Estfn:iated San Felipe Div, Deliveries 
Aciul.I San Felipe Div. Deliveries 

E..ttlmsted Soutttern CVP Dellverles 
Actu31 Southern CVP Deliveries 

ToUI Denverlea South of Delta 

Estimated EOlll San Lula CVP Rea. Storage 
AdJ..ted M1Xlmum EOM Storage (KAF) 
~n Lut. CV? E.x.ceed<lnce 

CVP SOUTH DELTA WATER SUPPLY· DETAILED IMPACTS 

EPA STUDY 28 

Sanluis C:VP StOfage {KAF): , · 746.6 
As oC: .. 03/01/32: 

--·-·- -- - - -- -- . . - - .. -

7-43.6 678.5 1532.0 597.8 397.1 91 .9 
0.0 74.0 75.0 70.0 34.0 196.0 

: -.. 0.0 -..,.,o:o ' . 0.0 -o.o · ··o.o : .:. 0.0 
0.0 0.0 0.0 0.0 0.01 0.0 

.. :. ... 0.0 .. _ :. 0.0 .. 0.0 - 0.0 . ,. 0.01 · .... 0.0 
0.0 o.o 79.3 48.0 0.0 0.0 

748.8 752.5 786.3 713.8 431.1 287.9 

8.91 15. , 23.8 30.S 35.0 19.0 
8 .51 15.0 21.8 22.1 26.6 14.4 

17.41 30.1 45.5 52.6 61 .6 33.4 
. 0.01 ·· ~ 0.0 . . 0.0 .. 0.0 .. 0.0 0.0 

Group 2 Allocation (%) -- : 30 · · ~ " 
Excha119e Contractors (%) ' ·, ) - 75 '. .<· ~ 
Demand Pattern {% year) - 25 ,. : 

Water Year 1932-33 
- - - - · -· - - - - - - - . - --- - - . 

94.0 253.9 387.7 
245.0 253.0 . 247.0 

.. _ ':: ...... 0.0 .... .. , ... 0.0 ·· o.o 
0.0 0.0 0.0 

. . · .... _o.o .- : • . - 0.0 .. -- ,: 0.0 
0.0 0.0 0.0 

339.0 506.9 634.7 

17.6 32.4 14.6 
19.2 38.5 15.9 
36.9 68.9 30.5 

... .... . 0.0 0.0 : . . . 0.0 

- - - - - - - - • - - .II 

553.0 705.2 BS7.2 
215.0 280.0 118.0 

·: · · -. : a.01 ; ·,.· .: 0.0 ·: :::.·-'-.:. : 0.0 
0.0 0.0 0.0 

... ._ _.;,, .. 0.0 . . ~: 'o.o . .. . .. ... ·o.o 
0.0 0.0 0.0 

768.0 965.2 975.2 

4.4 9.7 8.0 
4.3 10.5 8.3 
8..7 20.2 16.3 

-:· • .. '. 0.01 . · ... 0.0 - : : 0.0 

rm 21.3[ 52.61 - 66:61 121.Sf -127.9[ 75.Jf- - 14.or- -10.7{ ~7C -iUC -61:9! H---s9.9] 

9.4 
... , •. · . 0.01 .. . . . . 

44.2 108.9 56.8 11.4 10.0 
. 0.0 0.0 . 0.0 0.0 . 0.0 

9.9 11.9 12.3 7.2 6.9 11.0 10.9 
0.0 0.0 0.0 0.0 0.0 ·O.O :· · • 0.0 

4.3 10.0 10.7 5.6 1.0 1.0 0.8 0.5 0.6 0.7 
. 0.0 . . 0.0 .. 0.0 0.0 0.0 0.0 . - - 0.0 0.0 0.0 0.0 

c1o~n- 120.sr -111aAfa1s:7[~9.ar 193.W~ -ss=rr==--rn~:2r-- ---s1.1rrn-- - -62.sr - 101.9! -111:-2] 

r---==,.-=-r---,~=--~~ '·......-~~....-~~ ........ ~~~~~~~~~~~ ........ ~~~~~~~~---~~ ........ ~~~-
678.5 632.0 597.#! '397.1 91.9 9-1 .0 253.9 387.7 553.0 705.2 857.2 864.0 

· .'<. . 0.0 ~'..'.' ·Q.0 . ~·-.o.0 ··· .. 0.0 .--.-.:. , .. 0.0 ;: .. · ' 0.0 ' " ."L. ·: "' 0.0 .~ ··-..: 0.0 ·· .. ;.;:;.;:-'. :· 0.0 .'· ::·,.· r:,"0..0 ' -~:.'; .. ~ Q.0 ·-·c.: .. ~-.":!l),0 

&pono ~l'ltraled \lltth OWRSIM t...sed en a S.0 UM' c:vP & SWP demand 

~: 08ltXW4 11:115:48 
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v-• .. - - ..- ilM _..... ,_..,. ••-- n-11v 1••1 

CV? San lu[s Storage (KAF) 
Est. CVP Tracy Expon (KAF) 
Actual CVP Tracy Export (KAF) 
Est. SWPICVP &.nks Export (KAF) 
A.ctui' SWPICVP Sanks E.JCport (KAF) 
S..n Joaquin River Flowa to Mendola Pool 
Gron Available CVP Supply (KAF) 

Upper OMC Demands (KAF) 
Lower DMC Oemand.1 (KAF) 
Estimated Upperlt.owei Dl\tC Deliveries 
Actual Uppet/l.O'Nef DMC Deliveries 

Water Rights Contract Oemartds (KAF) 

E.stlm:rted Pool De!Jverie11 
Ac:1ual Pool ~lvtrles 

Estimated SW Oellverln 
Acttial SLU Deliveries 

f3tlmated San Fellpe Div. Oellvef'lu 
Actual San Fellpe Div. Deliveries 

Estlmikd Southern CVP Oellverle-s 
~ual Southern CVP ~lverle5 

Total Deliveries South of Delta 

Estimrted EOM San Luis CVP Res. Storage 
AdJu1~ Mnlmum EOM Stonge (KAFJ 
~n Lula CVP Eu;eedanc;e 

CVP SOUTH DELTA WATER SUPPLY -DETAILED IMPACTS 

EPA STUDY 28 

San Luis CVP Stotage (l<AF): . , . ·. ~64.o · 
As of: ·;_03/01!.ll' 

864.01 780.1 625.8 485. 1 210.9 
19.0 0.0 74.0 42.0 211 .01 
0.01 .. :·· 0.0 0.0 . ... 0.0 ·.· . : 0.0 
0.0 0.0 0.0 0.0 0.0 

. 0.0 ·- " ·o.o 0.0 .. 0.0 ..... 0.0 
0.0 0.0 0.0 0.0 0.0 

883.0 780.1 699.8 527.1 421 .9 

13.B 19.9 27.5 30.5 35.91 
11 .0 17.6 23.8 22.0 27.1 ( 
24.6 37.5 51.2 52.5 BJ.or 

. 0.0 . . 0.0 ·o.o . 0.0 . · 0.01 

76. 11 
175.0 

0.0 
0.0 

.. ·: .•. · 0.0 
0.01 

251.1 

17.5 
13.6 
31.1 

. 0.0 

Gtoop 2 Nlocatlon (%) 
Exchange Contractors ('l6) · 
Demand Pattern 1% vear 

Water Year 1933-34 

67.81 159.41 
172.0 122.0I 

... :o.o " ., .. ·: o:o 
o.o 0.0 

. . 0.0 .. 0.0 . 
0.0 0.0 

239.8 281.4 

17.0 31 .4 
18.9 36.0 
35.8 67.4 

0.0 . 0.0 . 

~~}'._: 
so .. :: 

169.0 308.1 505.41 650. 7 
'217.0 262.0 260.0 166.0 

. '. _., 0.0 .... 0.0 · . :O.D ·· 0.0 
0 .0 0.0 0 .0 0.0 

·. 0.0 .. . : . 0.0 .. . : . 0.0 · .. ·. ·,.,; .. . 0.0 
0.0 0.0 o.a 0.0 

386.0 570.1 765 .4 816.7 

14.1 4. 7 10.7 9.7 
15.6 4.4 11.0 9.2 
29.7 9.1 21 . 7 18.9 

0.0 . 0.0 0.0 .. . 0.0 

r --if.3! 52.6[ 66.61 121 .9J-12i.9J~I -- -14:01 ---10.11 -16.1f ------V.3[ 6~9f 69.9] 

I I ! I I I I 12.51 HS.5 

I . 0.0 0.0 

10.5 11.9 12.5 6.8 6.9 10.9 10.9 6.7 5.2 
0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 . 0.0 

6.1 10.0 11.2 4.9 0.7 0.5 0.6 0.6 1.1 1.5 
0.0 0.0 0.0 0.0 0.01 0.0 . 0.0 0 .0 : ·. 0.0 . ·· o.o 

Cl9f9C t5UC214:7[J16.2I 34ill tS3.4I ao.31 i 12.s1 -n.81 &4.71 114.7C- 12:DJ 

780.1 I 625.BI 4a5. 1l 210.9 76.1 I 67.8 159.4 169.0( 308.11 506.41 650.71 693.51 
. 0.01 '·';~··.0.01 .. ,. 0.01 " 0.0 . 0.01 . . 0.0 · ~, o.o· · · O.O( .. "~ O.OI · -:::.".:~ :. 0.01 ·····'·'' ,.0.01 ·· ,_, -::, .-'· o.ol 

I I I I I 

Elq>olU o..wrated Mil CMTRSIM based on a e.D MAF CVP & SWP demand 

~= OllllXW4 11 :29:34 



~n UJ• & ~ 111•1lQllA Watlr IWlhOnly 

CVP San Luis Storage (KAF) 
Est. CVP Tracy Export (KAF) 
Aciu•I CVP Tracy Export (KAF) 
Est. SWP/CVP Banks EJiport (KAF) 
Actual SWP/Cl/P S.nu Export (KAF) 
San Joaquin River Flows lo Mendota Pool 
Gross Available CVP Supply (KAF) 

Upper OMC Demands (KAF) 
Lawer OMC Demands (KAF) 
E.stlmated Upper/Lower DMC C>ellvertes 
Actual Upperll..ower DMC Deliveries 

Water Rights Contract Demands (}(AF) 

Estlm~ Pool Dellveries 
Actual Pool Deliveries 

Estlrmted stU Dellverla 
Adual SLU Dellverlea 

E:ittmated San Felipe Orv. Oeliverle3 
Actual San Felipe Div. Oelivet'[H 

Estlmati!d Southern CVP Deliveries 
Actual Southern CVP Deliveries 

To1.ll Deltver1e3 South of DelQ 

Estimated EOM San Lub CVP Ras. storage 
Adju.te<i Mulmum EOM Storage (KAF) 
SM Lula CVP Exceedance 

CVP SOUTH DELTA WATER SUPPLY· DETAILED IMPACTS 

EPASTUDY28 

San Luis CVP Storage (KAF~ -:»": ·. 093.5 
As or: · 03JO~fa4 

···--·· ~-··· ···- .. --··- ·-· . ·--.--· 
693.5 665.4 544.9 -430.4 235.7 95.5 
42.0 0.0 7-1.0 107.0 199.0 164.0 

_., ... ,:·.o.o .:.:·• .. ,o.o ,;,: :0.0 ·. ; 0.0 _., . . 0.0 . .. ·: 0.0 
0.0 0.0 0.0 15.0 0.0 0.D 

-- .'.-·:· O;O ·-':'= a.o ;.:, .. ,.. o.o : · .. 15.0 .. .. 0.0 · ·· · ·D.O 
0.0 0 .0 0.0 0.0 0.0 0.0 

735.5 605.4 818.9 552.4 -43-4. 7 259.5 

8.9 15.1 23.8 30.5 35.0 19.0 
8.5 15.0 21.8 22.1 26.6 14.4 

17.4 30.1 45.5 52.6 61.6 33.4 
... 0.0 ···: · 0.0 ... : ·o.o D.O - 0.0 0.0 

Group 2 Allocation(%) ;.,_·:, .30" ·' '.-·:: 
Exchange Contractors(%) X ·~~ :: 75:-..' '.: \ 
Demand Patte.-n !% vear} ·" · · 25 ·.-

Water Year 193W5 
----···--· ------- -----···--· 

65.6 121.5 148.3 
141.0 148.0 2.14.0 

·. ·. 0.0 _,.,_' .. ·' 0.0 ... : : . :.:. o.o 
0.0 0 .0 0.0 

'· '· · . . . o.o .;·;~ . ·· ~ 0.0 :-.;·· , . ' :·:' 0.0 

0.0 0.0 0.0 
206.6 267.5 362.3 

17.6 32.4 14.6 
19.2 36.5 15.9 
36.9 68.9 30.S 

: . 0.0 - . . 0.0 0.0 

--···--· -------. . --·---
280.6 479.8 631 .8 
262.0 260.0 151 .0 

·. c .-c . · -·.'.0 .0 · · ~ · • . .-.~·, o .o :--.::' .. , · 0.0 
0.0 0.0 0.0 

.... · . . ::·: . '. .0 .0 ._· : ·· ~ o. o .,. . .. 0.0 
0.0 0.0 0.0 

542.6 739.8 782.8 

4.41 9.7 8.0 
4.31 10.5 8.3 
8.71 20.2 16.3 

.. 0.01 : · -. a.o . 0.0 

I 21.3[ 52.61 68.el 121.91 121.91 15.3-1 --· 1o1.or-- 10.1[ - 16.7f u -n27.al 61.sr 69~ 91 

7.4 
'· .· 0.0 

14.2 19. 1 4'4.2 100.2 106.91 56.8 11.4 8. t 8.6 
.. 0.0 ··o.o 0.0 a.o 0.0 0.0 0.0 0.0 . a.o 

4.2 2.8 9.9 11 .91 6.9 6.51 4.9 
. 0.0 · . . : 0.0 0.0 0.0 0.0 0.0 0.0 

1.3 1.8 4.3 10.0 10.7 5.6 1.0 1.0 0.6 0.7 
0.0 ·. 0.0 0.0 ~.o 0.0 0.0 0.0 . 0.0 ··o.o 0.0 

I 70.11 120.5! 188.41 316.71 339.31 193.91 ss.11 -fi9.2L- - 81 .7[ 62.8[ - --107.!IT- ff1.2) 

I 686.4[ 544.91 .(Jc.41 ~5.rl 95.51 65.6 121.51 148.31 280.61 479.81 631 .81-671.61 
r ·~+.?· o.of ,;.;:=o.ol ... 0.01 . ·. a.ot .. 0 .01 . . 0.0 O.OI · _. _, · -. 0.01 · · · · . · 0.01 · · O.OI .:.· .. · 0.0( : ·· ·: ·. o.ol 
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iiun Onto 2-25- 94 
Pool Goin' Used to 1118et Dem3nd 
S;i~c : Fo\~Olll ReoperatiDl'I Study, 4001c, 400 Folsonr· F.C. Pool, 1995 Demands 
Equation is •pdel 54•pdel SS•pdel l.8 · flow SJ , 

'Ort Is in escondlng order by year Units are in TAF 
~ 
···/ Ycor Oct Nov Dec Jan Feb Har Apr Play Jun Jul Aug Sep Total 

1n2 0.0 o.o o.o 0.0 o.o o.o o.o 106,l 118.9 0.0 0. 0 0.0 225.0 1923 o.o 0.0 0. 0 0.0 0.0 o.o o.o 0.0 o.o 0.0 0.0 o.o o.o 1924 0 .0 o_o 0.0 0.0 o.o 0.0 o.o 0.0 o.o 0.0 0.0 o.o o.o 1925 0.0 o.o o.o o.o 0.0 o.o o.o o.o 0.0 0. 0 0.0 0.0 0.0 1926 0.0 o.o 0.0 o.o 0.0 o.o o.o 0.0 0.0 0.0 0.0 o.o o.o 1927 o.o 0.0 0.0 0.0 o.o o.o o.o 77.0 47.0 o.o 0.0 o.o 124.0 1928 o.o o.o o.o 0.0 o.o o.o 0.0 o.o o.o o.o 0.0 0.0 0.0 1929 o.o o.o 0.0 o.o 0.0 o.o 0.0 0.0 0.0 o_o o.o 0.0 o.o 1930 0.0 o.o 0.0 0.0 0.0 o.o o.o 0.0 0.0 0.0 0.0 D.O 0.0 1931 o.o 0.0 0.0 o.o 0.0 o.o o.o o.o o.o 0.0 o.o 0.0 0.0 1932 0 . 0 0.0 o.o 0.0 0.0 0.0 0.0 79.3 46.0 o.o 0.0 D.O 125.3 1933 0.0 0.0 o.o 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 o.o o.o 1934 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 1935 0.0 0.0 o.o o.o o.o o.o o.o o.o 90.0 o.o 0.0 0.0 90.0 1936 0.0 0.0 0.0 0 . 0 0.0 o.o o.o 26.0 72.0 0.0 0.0 o.o 98.0 1937 0.0 0.0 0.0 0 . 0 0.0 o.o o.o 107.4 120.0 0.0 0.0 o.o 227.4 1938 0.0 o.o 0.0 o.o 31 .3 63.3 91.0 107.4 120.3 0.0 0.0 D.O 413.2 1939 0.0 0.0 0. 0 0.0 o.o o.o o.o o.o 0.0 0.0 0.0 0.0 0.0 1940 Q.O o.o 0.0 0.0 o.o 0.0 o.o 57.0 0.0 0.0 0.0 o.o 57.0 1941 0.0 0.0 o.o o.o 31.3 19.0 40.0 107.4 120.3 0.0 0.0 0.0 318.0 1942 0. 0 0.0 0.0 0 . 0 o.o o.o 0.0 69.0 120.3 0.0 0.0 0.0 189.3 191.3 0.0 o.o 0 .0 0 . 0 o.p 0.0 o.o 41.0 95.0 0.0 0.0 0.0 136.0 191.4 0.0 o.o o.o o.o o.o o.o 0.0 0.0 0.0 0.0 0 . 0 0.0 o.o 191,5 o.o o.o 4.0 7.4 30.5 0. 0 . o.o 84.0 101.0 0.0 0 . 0 o.o Z26.9 19'6 o.o 0.0 0. 0 o.o o.o o.o o.o 4.0 0.0 0.0 o.o 0.0 4.0 191.7 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 o.o o_o 0 . 0 o.o 1948 0.0 o.o o.o 0.0 o.o 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 1949 0.0 0.0 0.0 0.0 o.o o.o ·o.o 0.0 0.0 0.0 0.0 0. 0 o.o 1950 o.o 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 o.o o.o 1951 o.o o.o 6.!J 7.6 30.8 0.0 o.o 0.0 0.0 0.0 0.0 o.o 45.2 1952 0.0 0. 0 0.0 0.0 o.o 60.0 84.0 107.4 120.3 0.0 0.0 0.0 :m.7 1953 0.0 o.o 0.0 0 . 0 0.0 o.o 0.0 o.o 0.0 0.0 o.o 0. 0 0.0 1954 o.o o.o 0.0 0.0 0.0 0.0 0.0 o.o 0 .0 0. 0 0.0 0.0 o.o 1955 o.o 0.0 o.o 0.0 o.o 0.0 0.0 . 0.0 0.0 0.0 o.o o.o o.o ·- 1956 0.0 0.0 6.6 7.4 30.5 o.o 29.0 107.t. 120.3 0.0 o.o 0.0 301. 1 1957 0.0 o.o 0.0 0.0 o.o o.o 0.0 o.o 0.0 0.0 0.0 0.0 o.o 1958 0.0 o.o o.o 0.0 0.0 16.0 35.0 107.4 12.0 . 3 0. 0 0.0 0.0 278.7 1959 0.0 0.0 o.o 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 o.o o.o 1960 0.0 o.o 0. 0 0.0 0.0 o.o o.o o.o 0.0 0.0 o.o 0.0 o.o 1961 0.0 0.0 o.o 0.0 o.o o.o 0.0 o.o o.o o.o 0.0 0.0 O.D 1962 0.0 0.0 0 .0 0.0 0.0 0.0 o.o o.o 120.3 - v.O o.o o.o 120.l 1963 0.0 0. 0 0.0 0.0 0.0 o.o 0.0 20.0 66.0 0.0 o.o o.o 86.0 1964 o.o o.o o.o 0.0 o.o o.o 0.0 0.0 0. 0 0. 0 0.0 o.o o.o 1965 o.o 0.0 o.o 7 . 2 30.0 ·o.o o.o 61.0 58.0 0. 0 0.0 0.0 156.2 1966 0.0 0.0 o.o 4.0 o.o o.o o.o o.o o.o o.o o.o o.o 4.0 1967 0.0 0.0 0.0 0 .0 30.8 63.3 91.0 107.4 120.3 0.0 0.0 o.o 412.8 1968 0.0 0.0 0 . 0 0.0 0.0 0.0 o.o o.o 0.0 o.o 0. 0 0.0 o.o 1969 0.0 0.0 0.0 7.8 31.3 63.3 91.0 107.4 120.3 0 . 0 0. 0 0.0 421 . 0 1970 0 . 0 0.0 0.0 7.8 o.o 0.0 o.o o.o 0.0 0.0 o.o 0.0 7.8 1971 0.0 0.0 0. 0 0 . 0 0.0 o.o o.o o.o o.o 0.0 0. 0 o.o o.o 1972 0. 0 0.0 0.0 0 . 0 0.0 0.0 o.o o.o 0.0 o.o 0.0 0.0 0.0 1973 0.0 o.o o.o 0.0 18.0 0.0 . o.o 107 .4 62 . 0 o.o 0.0 o.o 187.4 1974 o.o o.o 0.0 7.8 4.0 0.0 o.o 107.4 116.0 0.0 0.0 0.0 235.2 1975 o.o o.o o.o o.o o.o o.o o.o o.o 24.0 o.o 0.0 o.o 24.0 1976 0.0 0. 0 0.0 0.0 0.0 o.o o.o 0.0 0.0 o.o 0.0 o.o o.o 1977 0.0 0.0 0.0 0.0 0. 0 o_o 0.0 0.0 0.0 o.o o.o o.o li.O 1978 0.0 0.0 o.o 0.0 22.6 63.3 91.0 107.4 120.3 0.0 0.0 0.0 404.6 1979 o.o o.o 0.0 3.0 18.0 12.0 10.0 14 .o l.O 0.0 o.o 0.0 58.0 1980 0.0 o.o 0.0 7.6 30.8 63.3 91.0 107.4 25.0 82.0 11.0 8.0 426.1 1981 1.0 0.0 0.0 0.0 0. 0 o.o o.o o.o o.o 0.0 0.0 o.o 1.0 1982 0.0 o.o o.o o.o 0.0 6.0 91.0 107.4 120 .3 34.0 o.o o.o 358 . 7 1983 0. 0 42.2 7. 1 7. B 31 .3 63.3 91.0 107.4 120.3 128.5 113.0 90.2 802.0 1'~84 109.0 42.2 7., 7 .8 31.3 1.0 0.0 o.o 0.0 0.0 0.0 0. 0 198.4 1985 0. 0 0.0 0. 0 0 . 0 0 .0 0 .0 o.o o.o 0.0 0.0 o.o 0.0 o.o 1986 0.0 0.0 0 . 0 0.0 30.5 63.3 91.0 107.4 91.0 1.0 0.0 0 . 0 38t. . 1 1987 0.0 0.0 1.0 1 .o 0. 0 o.o 0.0 o.o o.o 0. 0 0.0 0.0 2.0 1988 0. 0 0.0 0.0 0.0 0.0 o.o 0. 0 o.o 0.0 0.0 0.0 o.o o.o 1989 0. 0 0.0 0. 0 0 . 0 0. 0 0.0 o.o o.o 0.0 0.0 o.o 0.0 0. 0 1990 0.0 ·r. :o 0 .0 0.0 0 . 0 0.0 0 . 0 0.0 0. 0 0.0 0 .0 0.0 0.0 1991 0. 0 0. 0 0 .0 0 .0 0.0 0.0 0.0 o.o 0.0 o.o 0. 0 0. 0 o ~ o 

Avg . 1 .6 1 . 2 0.5 1. 2 6.2 8.0 13.2 32., 36.8 3. 5 1.8 l. 4 107.4 
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Table 3-2 

CENTRAL VALLEY PROJECT DEL TA EXPORT CAPABILITIES 
Theorellcal Maximum Export, Pumping, Conveyance Capacity, and D-1485 May, June Limitations 
Only. 

Month 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Days/ 
Month 

31 

28 

31 

30 

31 

30 

31 

31 
30 

31 

30 

31 

Tracy 
Avg. 
CFS 

4,15011 

4,200 11 

4,250 11 

4,30011 

3,00021 

3,00021 

4,6003( 

4,600y 

4,50011 

4,200 11 

4,15011 

4,1501
' 

Multiplier 
CFS to 
Ac.-Ft. 

1.9835 

" 
II 

.. 

.. 

" 
• 
.. 
.. 

" 
.. 
II 

Maximum 
Tracy 

AF 

255, 177 

233 ,WO 

261,326 

255,872 

184,466 

178,515 

. 282,647 

262,847 

267,773 

258,252 

246,946 

2ss, 1zz 
2,962,458&1 
+195,QQO 

3,157,458 

SWP/CVP 
Banks 
AF'' 

0 

0 

0 

0 

0 

0 

65,000., 

65,00041 

65,000" 

0 

0 

__Q_ 

195,000 

Total CVP Tracy Export Obligations: 3,353,736 (Table 1). 
Total Over Obligation: 196,278 AF or 10.9 percent or Group ll obligation . 

Absolute 
Historic 

Maxlmum51 

AF YR 

254,400 1990 

235,700 1988 

263,370 1984 

258,200 1987 

184,300 1986 

176,500 1985 

282,900 1989 

282,900 1989 

273,300 1988 

259,300 1989 

247,800 1989 

256,100 1988 

-1,976,770&1 
- +19~,000 

3,171,770 -

1
"Tracy export limlled by conveyance capacity or the Della-Mendola Canal (OMC) which decreases 

from 4,600± crs al Tracy Pumping Plant lo 4,150 cfs at O'Nelll Pumping Plant (upper DMC reach). 
Does not renect waler quality !imitations or impacts rrom scheduled or unscheduled outages, incidental 
lake restrictions under ESA, or pulse flow export restrictions . 

.,Tracy export limited to 3,000 cfs pursuant lo D-1485 for the proteclio.n or striped bass. 
31
Maxlmum permitted export rate under U.S. Army Corps or Engineers diversion permit. 

"'Pumpage of Central Valley Project (CVP) waler. lotaltlng 195,000 acre.feet (AF). by Stale Waler 
Project (SWP) lo makeup for May-June D-1485 export curtailments by CVP. Does not Include 
pumping tor Cross Valley Canal contracts . 

51
Based upon period of record 1953-1992. 

61

Absolute maximum annual waler year export was 2,895,351 AF for the period of October 1987 
through September 1968. Adding 195,000 AF SWP/CVP equals 3,090,351. . .. 
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IlITil~~fi~lUl ~® Non-Profit Law and Consulting in Conservation of Natu ral Resources and the Global Environment 

Gregory A. Thomas 
President 

Patrick Wright 
Bay/Delta Program Manager 

~(f4f 
August 5~ 

Water Quality Standards Branch, W-3 
Water Management Division 
Environmental Protection Agency 
75 Hawthorne Street 
San Francisco, CA 94105 

RE: EPA water Quality standard setting 

Dear Patrick: 

As you are aware, the Natural Heritage Institute ("NHI") has 
submitted a proposal to the State Board for the adoption of 
measures to protect spring chinook as part of the Board's Bay­
Delta standard setting. This letter transmits the same proposal 
to EPA for consideration in connection with its own Bay/Delta 
standard setting. As detailed in the proposal, NHI has worked 
closely with the National Marine Fishery Service, U.S. Fish and 
Wildlife Service, California Department of Fish and Game and EPA 
staff in the development of this proposal. We have relied 
heavily as well on the work of FWS's Delta Native Fishes Recovery 
Team. 

In brief, spring chinook are extinct in the Central Valley 
except for Mill and Deer Creeks in the Upper Sacramento River 
drainage. Spring run which previously spawned in the Sacramento 
River have been completely hybridized with fall run and no longer 
exist in the mainstem as a distinct race of salmon. Various 
fishery biologists, including DFG's Inland Fisheries Division 
staff, believe that this race of salmon may be eligible for 
listing under endangered species protection laws. We have 
withheld filing our spring chinook listing petition in order to 
allow voluntary and targeted regulatory recovery efforts to work. 
NHI's action in this regard has spawned the Spring Run Work 
Group, consisting of fishermen, land owners on the tributaries, 
conservation groups and various agency representatives. As you 
may be aware, the Spring Run Work Group is the focal point of 
very substantial progress in habitat conservation and recovery on 
the tributaries. 

In addition to the agency staff mentioned above, NHI has 
been working with the Spring Run Work Group, and indeed, it was 
through the Work Group that it became clear that standards in the 
delta are critically required to ensure the continued survival of 



spring chinook; that is, activities on the tributaries alone will 
not be sufficient to avoid an Endangered Species Act listing. As 
detailed in the proposal, NHI convened a series of meetings with 
agency fishery biologists studying spring chinook and non­
governmental organizations to address spring run problems and 
potential solutions. 

There is clear consensus among these experts that smolt 
mortality through the delta is the key factor causing the decline 
of this race. For this reason, we are urging the State Board and 
Club Fed to adopt protective measures during the relevant smolt 
outmigration period (November through January) similar to those 
developed by the U.S. Fish and Wildlife Service to protect fall 
run chinook smolt outmigration through the delta. We are 
confident that our proposal is targeted to those measures which 
are likely to produce the most significant results for the 
species. 

Given the interest of U.S. EPA, as well as the other Club 
Fed agencies, in the maintenance of California salmon 
populations, we will urge them to adopt the proposal to protect 
spring chinook as indicated herein. Please do not hesitate to 
call me if you have any questions. 

cc: Roger Patterson 
Jim Lecky 
Wayne White 
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~ CALIFORNIA URBAN WATER AGENCIES 

August 10, 1994 

Harry Seraydarian 
Director, Water Management Division 
EPA, Region IX 
75 Hawthorne Street 
San Francisco, CA 94105 

Subject: CUW A Comment on Report of Review with Environmental Organizations 

Dear Mr. Seraydarian: 

By separate letter of this date, we have joined with four environmental organizations to transmit 
to you a report on our joint technical discussions of important aspects of the EPA proposed Bay­
Delta Water Quality Standard. This review process was constructive and valuable. Its findings 
represent the work and views of staff and consultant biologists, not the formal policy positions 
of CUW A. Our latest work and positions on these important issues will be stated in a September 
1 document being prepared for the State Water Resources Control Board--too late to meet your 
working deadline. This letter states the current position of CUW A on some of these key issues. 

Our formal comments to you on March 11, 1994 opposed a salinity (X2) standard at Roe Island. 
We now accept the inclusion of the Roe Island X2 standard in a Suisun Bay habitat standard and 
will support the habitat standard. This support is based on the understanding that the several 
improvements in the X2 standard including the use of a monthly sliding scale, alternative 
compliance parameters ("3-ways"), and related components will be included in the EPA standard. 
We have had much discussion of these improvements with your staff over the past few weeks, 
and we believe there is a good meeting of minds on these matters. Our support of the logic and 
inclusion of the Roe Island X2 standard is also coupled with applying the same logic and 
statistically-derived sliding scale to X2 occurrence at the confluence (Collinsville). This science­
based approach is recommended in lieu of the arbitrary 150 day compliance proposed earlier by 
EPA at the confluence. We also continue to support better monitoring and research leading to 
improvements to all of these provisions over the coming years. 

455 CAPITOL MALL, #705 , SACRAMENTO , CA 95814 916 • 552 • 2929 FAX 916 •5 52 • 2931 
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Harry Seraydarian 
August 10, 1994 
Page two 

We are gratified that good working relationships among EPA and all the California water 
interests have led to better understanding and many improvements of the proposed habitat 
protection standards. We believe these consensus efforts have also greatly increased support for 
timely protective Bay-Delta standards. We remain steadfast in our support for the standards, 
with modifications as discussed, and will continue to work with you and the State Water 
Resources Control Board for their early promulgation and implementation. 

Sincerely, 

CALIFORNIA URBAN WATER AGENCIES 

A~ 
Lyle N. Hoag 
Executive Director 

LNH:ccg.061 

cc: Patrick Wright, EPA 
Bruce Herbold, Ph.D., EPA 



~ CALIFORNIA URBAN WATER AGENCIES 

August 10, 1994 

Harry Seraydarian 
Director, Water Management Division 
EPA, Region IX 
75 Hawthorne Street 
San Francisco, CA 94105 

Subject: CUW A Comment on Report of Review with Environmental Organizations 

Dear Mr. Seraydarian: 

By separate letter of this date, we have joined with four environmental organizations to transmit 
to you a report on our joint technical discussions of important aspects of the EPA proposed Bay­
Delta Water Quality Standard. This review process was constructive and valuable. Its findings 
represent the work and views of staff and consultant biologists, not the formal policy positions 
of CUW A. Our latest work and positions on these important issues will be stated in a September 
1 document being prepared for the State Water Resources Control Board--too late to meet your 
working deadline. This letter states the current position of CUW A on some of these key issues. 

Our formal comments to you on March 11 , 1994 opposed a salinity (X2) standard at Roe Island. 
We now accept the inclusion of the Roe Island X2 standard in a Suisun Bay habitat standard and 
will support the habitat standard. This support is based on the understanding that the several 
improvements in the X2 standard including the use of a monthly sliding scale, alternative 
compliance parameters ("3-ways"), and related components will be included in the EPA standard. 
We have had much discussion of these improvements with your staff over the past few weeks, 
and we believe there is a good meeting of minds on th~se matters. Our support of the logic and 
inclusion of the Roe Island X2 standard is also coupled with applying the same logic and 
statistically-derived sliding scale to X2 occurrence at the confluence (Collinsville). This science­
based approach is recommended in lieu of the arbitrary 150 day compliance proposed earlier by 
EPA at the confluence. We also continue to support better monitoring and research leading to 
improvements to all of these provisions over the coming years. 

455 CAPITOL MALL, "705 , SA CRAM ENT O , CA 95814 916 • 552 • 2929 FAX 916 •5 52 • 2931 
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Harry Seraydarian 
August 10, 1994 
Page two 

We are gratified that good working relationships among EPA and all the California water 
interests have led to better understanding and many improvements of the proposed habitat 
protection standards. We believe these consensus efforts have also greatly increased support for 
timely protective Bay-Delta standards. We remain steadfast in our support for the standards, 
with modifications as discussed, and will continue to work with you and the State Water 
Resources Control Board for their early promulgation and implementation. 

Sincerely, 

CALIFORNIA URBAN WATER AGENCIES 

Lyle N. Hoag 
Executive Director 

LNH:ccg.061 

cc: Patrick Wright, EPA 
Bruce Herbold, Ph.D., EPA 
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CALIFORNIA URBAN WATER AGENCIES 

August 10, 1994 

Harry Seraydarian 
Director, Water Management Division 
EPA, Region IX 
75 Hawthorne Street 
San Francisco, CA 94105 

Subject: CUW A Comment on Report of Review with Environmental Organizations 

Dear Mr. s~raydarian: 

By separate letter oft.his date, we have joined '~ith four environmental organizations to transmit 
to you a report on our joint technical discussions of important aspects of the EPA proposed Bay­
Delta Water Quality Standard. This review process was constructive and valuable. Its findings 
represent the work and views of staff and consultant biologists, not the formal policy positions 
of CUW A. Our latest work and positions on these important issues will be stated in a September 
1 document being prepared for the State Water Resources Control Board--too late to meet your 
working deadline. This letter states the current position_of CUW A on some of the~ key issues. 

Our formal comments to you on March 11, 1994 opposed a salinity (X2) standard at Roe Island. 
We now accept the inclusion of the Roe Island X2 standard in a Suisun Bay habitat standard and 
will support the habitat standard. This support is based on the understanding that the several 
improvements in the X2 standard including the use of a monthly sliding scale, alternative 
compliance parameters ("3-ways"), and related components will be included in the EPA standard. 
We have had much discussion of these improvements .with your staff over the past few weeks, 
and we believe there is a good meeting of minds on the.se matters. Our support of the logic and 
inclusion of the Roe Island X2 standard is also co~pled with applying the same logic and 
statistically-derived sliding scale to X2 occurrence at the confluence (Collinsville). This science­
based approach is recommended in lieu of the arbitrary 150 day compliance proposed earlier by 
EPA at the confluence. We also continue to support better monitoring and research leading to 
improvements to all of these provisions over the coming years . 
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Harry Seraydarian 
August 10, 1994 
Page two 

We are gratified that good working relationships among EPA and all the California water 
interests have led to better understanding and many improvements of the proposed habitat 
protection standards. We believe these consensus efforts have also greatly increased support for 
timely protective Bay-Delta standards. We remain steadfast in our support for the standards, 
with modifications as discussed, and will continue to work with you and the State Water 
Resources Control Board for their early promulgation and implementation. 

Sincerely, 

CALIFORNIA URBAN WATER AGENCIES 

Lyle N. Hoag 
Executive Director 

LNH:ccg.061 

cc: Patrick Wright, EPA 
Bruce Herbold, Ph.D., EPA 
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August 10, 1994 

Harry Seraydarian 

California Urban Water Agencies 
The Bay Institute of San Francisco 

Environmental Defense Fund 
Natural Heritage Institute 

Save San Francisco Bay Association 

Director, Water Management Division 
EPA, Region IX 
75 Hawthorne Street 
San Francisco, CA 94105 

John Caffrey 
Chairman 
State Water Resources Control Board 
9091 P Street 
Sacramento, CA 95814 

Subject: Transmittal of Report on Technical Meetings on Bay-Delta Standards Issues 

We are pleased to transmit this report on the technical meetings conducted jointly by California 
Urban Water Agencies and the four environmental organizations listed above. Dr. Wim 
Kimmerer, the main author and coordinator of this joint report was asked by all the sponsors to 
take on this job in order to further our common interest in producing a written record of these 
meetings that would record their scope, agreements, disagreements, and uncertainties. 

The nature of the meeting process is further described in the report. The scope of the meetings 
was solely on the biological aspects of (a) the proposed EPA salinity (X2) standard, and (b) the 
proposed EPA salmon smolt survival standard. The meetings were attended mainly by staff and 
consulting biologists; a few others joined the process and had lesser roles. 

Because ·the report on the technical meetings did not (as intended) have policy-level or 
management-level involvement or review, it is important to make clear that statements in this 
report do not necessarily represent the positions of the organizations or agencies involved. 
Separate statements by these interest groups to EPA and the State Water Resources Control 
Board present their pos.i~ons and recommendations. 
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Harry Seraydarian 
John Caffrey 
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These technical meetings were constructive and valuable for the participants. We believe their 
findings will also be of value to EPA and the State Water Resources Control Board. 

Respectfully submitted, 

ego as, representing 
The Bay Institute of San Francisco 
Environmental Defense Fund 
Natural Heritage Institute 
Save San Francisco Bay Association 
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Preface 

The attached reports were prepared to summarize a series of meetings to discuss 
issues raised in comments on the proposed EPA standards by technical 
representatives of the California Urban Water Agencies {CUWA) and others. All 
parties who participated have been given at least one, and in some cases four or 
more, opportunities to review these reports. Their comments have enabled me to 
improve and refine the accuracy of the reports, and I am grateful for all the helpful 
feedback I have received. In addition, I have had numerous lengthy discussions of 
the issues addressed in these reports and the accuracy to which the degree of 
consensus achieved has been characterized. I have tried to be even-handed in 
revising these reports in response to sometimes conflicting comments. 
Nevertheless, since the subject matter is controversial and topical, some will no 
doubt disagree with some statements herein. Although I have drawn on the 
contributions of other participants, the description of the meetings contained herein 
is my own, and I take full responsibility for any omissions or errors in characterizing 
the content of the meetings. 
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SETTING GOALS FOR SALMON SMOL T SURVIVAL IN THE DELTA 

Wim Kimmerer 
August 10, 1994 

Summary Three meetings were held to resolve technical issues raised by California 
Urban Water Agencies (CUWA) on the Environmental Protection Agency's (EPA) 
proposed salmon smolt standard 1 . Consensus2 was achieved on a number of issues. 
It was agreed that measures for protection of salmon in the delta should be 
implemented in a timely manner. A goal should be established relating the US Fish 
and Wildlife Service (USFWS) smolt survival index (SSI) for fall-run chinook salmon to 
any largely uncontrollable variable, e.g. temperature on the Sacramento River and 
unimpaired flow on the San Joaquin River. Implementation measures would be 
devised to achieve the goal, and compliance would be based on whether these 
measures were actually put into effect. The measures devised for fall-run smolts 
would be extended over a broad enough period to protect other races. The SSI data 
would be revisited periodically to assess achievement of the goal, assumptions, and 
implementation measures, and to improve understanding. 

Introduction Meetings were held on 9, 17, and 29 June 1994. The purpose of 
these meetings was to examine the technical issues raised in CUWA's comments to 
EPA on the proposed EPA salmon smolt passage standard and to reach consensus on 
alternative approaches. Specific objectives of the meetings were to answer the 
following questions: 

1 What should a standard consist of? 
2 What is the goal of the standard-setting process? 
3 How can future levels of smolt survival be calculated for assessment of the 

implementation program? 
4 What implementation measures might be useful? 

This report is a summary of the outcome of the series of meetings, rather than a set of 
minutes of each. The emphasis is on the agreements reached rather than the process 
or the discussions that took place. Nevertheless, some discussion of the process is 
included below to reveal how the endpoint was reached. In addition, several key 

1 There was some confusion and a few semantic arguments over the terms 
"goal" and "standard". To sidestep these arguments we use the term "goal" to 
mean the target level of SSI, and ."standard" to mean the actions taken or 
regulations imposed to achieve that goal. 

2 "Consensus" as used here does not refer to unanimity, but to its most usual 
meaning: a general agreement among members of. the group. 
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technical points are discussed in some detail since their resolution is germane to the 
consensus that was reached. Notes in square brackets [] throughout the text were 
added by the author to present additional information or to clarify _issues, and may not 
represent the consensus of the group. 

The report is organized with the recommendations, areas of agreement, and 
unresolved issues presented first for emphasis. That brief discussion is followed by 
the detailed discussion of technical points. 

It was stressed throughout these meetings that the discussion should focus on 
technical issues only. 

Recommendations A goal and a set of implementation measures should be 
developed based on the fall-run SSI. Pending a revised analysis of the existing data, 
this could be done according to functions shown in Figure 1. These functions must be 
filled out by selecting values for the parameters, specifically the amount of 
improvement over historical conditions. The parameters to be selected are: 

• The slope and intercept of Sacramento SSI with respect to temperature 
• The minimum SSI in the Sacramento regardless of temperature 
• The relationship of San Joaquin SSI to the 60-20-20 index of unimpaired flow 

Although participants were willing individually to select values of these parameters, 
they acknowledged that the basis for any choice was fairly arbitrary, since the choice 
pf parameters entails a choice of a particular "best" value of the SSI goal for a given 
set of conditions (see discussions below). 

Re:ommendations were also prepared for a program to assess the extent to which 
goals had been met. 

Fundamental agreements Participants unanimously agreed on the underlying 
purpose of setting standards: salmon need protection. Consensus was also reached 
on the following statements, some of which are discussed further below: 

• Measures are needed to protect and enhance naturally-spawning stocks of 
salmon 

• Smolt survival on passing through the delta is a problem for salmon stocks that 
is worth considerable effort to solve 

• The USFWS SSI may be biased by differences in size of hatchery smolts used in 
different releases; although other potential sources of bias and error were 
identified, none was supported by analysis of data to date 

• The USFWS SSI is not numerically equal to. survival 
• The USFWS salmon smolt survival models should not be used to set goals 
• The USFWS models include many of the environmental variables likely to 
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influence smolt survival, including temperature, proportion diverted at junctions 
of certain delta channels, flows, and exports. 

• Goals for smolt survival should be based on a selected value or range of values 
of the SSI for fall-run salmon 

• Other races besides fall-run, and other life stages besides smolts, are assumed 
to be protected by extending the same set of implementation measures to the 
appropriate times. Data are not now available to evaluate alternative measures 
or to set numerical goals for these races or life stages 

• Goals should vary to account for effects on smolt survival of environmental 
variables not readily controllable by project operations. This would include the 
size of smolts used in experiments, temperature on the Sacramento side of the 
delta, and the 60-20-20 index of unimpaired flow on the San Joaquin side 

• Compliance should be based on the degree to which mandated implementation 
measures were actually carried out 

• Several implementation measures were listed. The general consensus was that 
there would be substantial convergence on the recommended measures among 
different groups 

• Effectiveness of implementation measures and underlying assumptions including 
those inherent in the SSI should be reevaluated at least every 3 years 

• A more detailed research and monitoring program should be developed and 
implemented which focuses on determining whether goals have been met, and 
on refining understanding of specific sources and causes of salmon smolt 
mortality in the delta 

Unresolved issues included: 

• The statistical reliability of relationships for which CUWA scientists have not 
examined data; these are taken at face value pending further examination 
(examples include the ocean survival index and the survival index for wild 
smolts) 

• The utility and statistical reliability of alternative empirical models 
• The size of the increase in SSI for each river (i.e. the numerical value for the 

goal), which cannot be determined on strictly scientific grounds 
• Method for calculating baseline values of SSI 
• Method of filling in gaps between SSI measurements to assess effectiveness of 

program 
• To what extent survival indices could be improved by different methods, such 

as more intensive trawling 
• Importance and cause of the relationship between smolt size and SSI 
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Details of technical discussions 

The USFWS Smolt Survival Index This index is intended to represent the survival of 
salmon smolts passing through the delta to Chipps Island. Considerable discussion 
was held about the index and the possibility that there were flaws in it. 

The SSI is calculated as the number of marked smolts recaptured in trawl surveys at 
Chipps Island, expanded to estimate the number passing Chipps Island, divided by the 
number released. If the expansion factor were exactly correct, the SSI would be an 
estimate of survival. Since some parts of the expansion factor are uncertain, this 
factor becomes merely a correction for trawling effort, and the index is assumed to be 
proportional to, but not equal to, survival. The proportionality could change with 
smolt size or other variables, and therefore vary between release groups (see 
discussion of potential biases below) 

USFWS constructed models of the SSI for several reaches in the delta. To represent 
survival over a pathway consisting of more than one reach, USFWS needed to convert 
the SSI for each reach to an estimate of survival so that survival over the entire 
migration pathway could be calculated as the product of survival probabilities over 
each reach. To do this they divided each index by 1.8, which at one time was the 
largest index, to ensure that the survival estimates did n<?t exceed 1 . This practice did 
not alter the relative values of the indices, but it has led to some confusion and 
disagreement over the nature of the resulting survival estimates. Furthermore, the 
conversion of indices to probabilities for the purpose of linking reaches is considered 
statistically unacGeptable. 

Since it was agreed not to use the USFWS model to set goals, and since the survival 
index scaled by a::::iv constant has the same relationship to environmental values as the 
raw data, this issue became moot. However, users of the SSI must guard against 
assuming that this value is actually a survival estimate. 

The remaining issue regarding the SSI was whether it was an unbiased index, that is, 
directly proportional to actual survival of the hatchery fish, and whether it applied 
equally to survival of naturally-spawned fish. Potential sources of bias identified were: 

• Greater duration of migration when longer pathways are taken, resulting in 
spreading out of the pulse of smolts and consequently reduced probability of 
detection of smolts passing Chipps Island 

• Thermal shock for hatchery-reared fish released in high-temperature delta water 
that would increase mortaltty relative to wild fish 

• Size of smolts could introduce bias in results of individual releases 
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Several potential sources of error in the SSI were noted, but for none of these did the 
group conclude that there was bias: 

• Irregular distributions of smolts in time or distance across the cross-section of 
the channel at Chipps Island 

• Low numbers of smolts recaptured in the trawl, resulting in high variance of 
recaptures 

The duration of migration seemed to be the most likely source of bias. However, 
USFWS has presented a comparison of SSI with the ocean survival index (OSI), which 
is determined independently of the trawling effort at Chipps Island. The result was an 
apparently linear relationship with a correlation coefficient of 0.89 (N = 21; WRINT 
USFWS-9 Figure 7), indicating that the two indices were estimating the same thing 
and effectively ruling out a substantial bias in the trawl recovery data if this analysis is 
correct. CUWA has not examined this analysis or the underlying data. [Note: since 
the meetings CUWA biologists have raised questions about the data used in the 
analysis of ocean survival index. However, these issues were not raised at the 
meetings and are not discussed further here.] 

Smolt survival in the Sacramento side of the delta is negatively correlated with 
temperature. This correlation could be an artifact resulting from thermal shock or 
difficulties with acclimation or vulnerability to predation when naive hatchery smolts 
are dumped from a truck at low temperature into warm delta water. Survival of wild 
smolts in 1988 and 1989 was negatively correlated with temperature, such that 
survival was low at temperatures above about 65 °F (WRINT USFWS-7 Figures 7 and 
8). Since this is qualitatively similar to the results obtained for hatchery smolts, the 
likelihood of bias seems to be low. Again, this relationship has not been examined in 
depth by CUWA. 

The size of smolts clearly introduces some bias into the results. Survival is negatively 
correlated with size at release on the Sacramento River. Since there is no apparent 
relationship between size of smolts and temperature or flow, the correlation of size 
with survival could be due to increasing net avoidance with increasing smolt size. 
This could be dealt with by either correcting for size, or by using only releases in a 
selected size range. [Note: The source of this relationship is unclear. Pat Brandes has 
stated that the correlation between ocean and trawl indices rules out capture 
efficiency in the trawls as the cause of the relationship with size. Since the 
relationship has the opposite slope from what one would expect (i.e. lower survival for 
larger fish), it could be an artifact of using larger fish later in the season when 
temperature is higher. She argues that, since it is unexplained, it does not represent 
bias. However, if there is a real effect of size, and if size is not randomly distributed 
within release groups, then it could be a source o·f bias. This issue needs further 
examination.] 
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Having acknowledged that there were potential sources of bias in the SSI, Pat Brandes 
emphasized that the SSI is an index of survival that appears to represent patterns of 
survival for salmon smolts. She presented the correlations between SSI and OSI to 
demonstrate this. Based on this discussion, the general consensus of the group was 
that the SSI likely does represent patterns of survival, and therefore could be used as 
a starting point on which to base a standard. [Note: SSI values have frequently been 
referred to as if they were survival values in the three meetings, in USFWS reports, 
and implicitly in the multiplication of adjusted SSI values to estimate a survival index 
for consecutive reaches.] 

The USFWS models These models attempt to explain the variance in SSI on the basis 
of environmental variables. Models were constructed for several release points, and 
then the overall SSI models for the Sacramento and San Joaquin rivers were 
constructed by combining models for different release points representing different 
reaches of the delta. 

Generally the group did not believe that the models are an adequate statistical 
description of the covariability of the SSI with environmental conditions. Most 
accepted the statements of John Rice, who stated that the models were too complex 
and contained too many parameters, and inappropriately converted SSI values to 
probabilities to calculate survival through successive reaches. 

In spite of the general dissatisfaction with the models, the general findings of the 
USFWS effort seemed to be accepted. For example, participants believed that, in the 
Sacramento River, in~reast:!d temperature resulted in lower survival (although the 
mechanism is not well known), survival in the interior delta is lower than that in the 
mainstem, and diversion through the cross-channel and Georgiana Slough resulted in 
lower survival. These are not only outcomes of the model, they can be readily 
interpreted from the results of paired releases (e.g. above and below the cross­
channel) or linear regression analyses. 

Most participants were willing to accept that San Joaquin River smolt survival was 
reduced as exports or diversion of smolts into Old River increased, or as flow through 
the delta in the San Joaquin River decreased. Data to support this conclusion are 
limited because only 4 values are from high-flow, high-survival periods, although 
analyses of adult production estimates apparently give similar results. This 
acceptance was based as much on biological understanding as on data analysis. 

Many participants accepted that the models could be used for guidance in combination 
with other information. Several objected to any use of the models, preferring instead 
to rely on examination of data. There was general acceptance that expert opinion on 
the factors affecting salmon survival should be used in setting standards. 
To summarize, while the specific numeric output of the models was not believed by 
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participants, they were ready to agree with some of the qualitative outputs of the 
model, especially since results of paired releases supported those outputs. These 
conclusions include: 

• The correlation of survival with temperature (particularly for releases at 
Courtland) 

• The reduction in survival of fish that go through the central delta relative to the 
mainstem Sacramento 

• The reduction in survival in the San Joaquin due to the diversion of smolts off 
the mainstem and the direct influence of export pumping 

Use of the SSI as a goal for a standard The goal would be an improvement in survival 
of salmon smolts passing through the delta. This was recast as an improvement in 
the SSI, under the assumption that the SSI is the best index of survival now available. 

The baseline for improvement was never explicitly stated, although throughout the 
discussions there was an implicit assumption that the baseline would be determined 
from all of the applicable SSI data to date. It was generally agreed that the amount of 
improvement to be achieved could not be fully addressed during the meeting. The 
reasons for this were discussed briefly at the meetings: 1) Since the actual survival is 
not known, the necessary improvement cannot be determined; 2) The importance of 
mortality in the delta can only be assessed in the context of the entire life cycle; and 
3) Goals for population size, at least above levels where extinction is a possibility, can 
only be set by consideration of societal needs. 

An approach to basing a standard on the SSI was discussed. According to this 
approach, the standard would actually be a set of implementation measures designed 
to provide a specified SSI goal based on prevailing water year conditions, temperature, 
or other uncontrollable factors. Implementation measures would be devised to achieve 
that goal. Compliance would then be assessed by comparing the implementation 
measures actually carried out with those specified. Thus, compliance would not be 
gauged by whether or not a particular SSI value was achieved. The SSI values would 
serve as goals, which would be revisited at a minimum of three year intervals to 
determine the effectiveness of the measures; implementation measures would 
subsequently be revised or augmented if the SSI were chronically short of the goals, 
on average. 

Scaling to uncontrollable variables {Sacramento River) Some variables that are 
correlated with SSI are not readily controllable. A survival goal should take these 
variables into account to avoid holding the major water projects responsible for 
variation over which they have little or no control : 
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For SSI measurements based on releases on the Sacramento side of the delta, smolt 
size and temperature are the most important factors explaining variation in SSI. 
Temperature in the delta can be controlled only to a limited extent, since it is most 
responsive to meteorological conditions. Therefore the group agreed that some 
allowance in the goal needed to be made for temperature. For example, it would be 
unrealistic to expect flow manipulations to achieve a high SSI at a temperature of 
75°F, since SSI has always been close to 0 at that temperature. 

The goal should be a set increase over the existing relationship between survival index 
and temperature . The existing relationship for releases at Sacramento or Courtland 
with cross-channel gates open is (depicted in Figure 1, top, as historical mean): 

S = MAX{a(Tx-T),0}, ( 1 ) 

where T is temperature at Freeport ( ° F), T x the temperature at which survival goes to 
zero (approximately 76°F), and a is the slope (approximately 0.05-0.08). Note that 
this relationship has not been confirmed through analysis of all of the available data, 
and is presented only as an example of the form the equation might take. 

Bruce Herbold suggested that the increase in the goal over the historical value could 
be either a doubling of survival for a given temperature, or alternatively, an increase in 
survival corresponding to closing the delta cross-channel gates. Coincidentally, the 
slopes corresponding to these alternatives come out about the same. 

The group recognized that temperature in the delta is controllable to a limited extent, 
and the above standard could allow some activities that increase temperature, 
reducing the survival goal. Therefore the group suggested a minimum survival at all 
temperatures. In addition, EPA, the State Board, and other relevant agencies should 
re-examine the issue of temperature controllability in the delta, and revise this 
standard if temperature in the delta increases over the long term through local human 
actions (i.e. as opposed to global warming). 

Thus the goal for the Sacramento SSI would have a functional form similar to: 

S1 =MAX{a 1 (Tx - T),Smin}, (2) 

where a1 is the new slope and Smin is the minimum survival (Figure 1 top, "goal"). 
This equation appeared to be the most acceptable of several alternative equations that 
were discussed. 

T x would be determined from the data, as would the baseline slope a in equation 1. 
Opinions varied about actual values of the remaining parameters. Bruce Herbold 
suggested a slope of 0.16, equivalent to a doublirig of a, or an increase corresponding 

· to shutting cross-channel gates. The value of Smin was somewhat arbitrarily set at 
0.25, although opinions on an appropriate value ranged from 0.1 to 0.5. 
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The group did not recommend setting a separate standard for temperature, because it 
cannot be controlled to any great extent. 

Scaling to uncontrollable variables (San Joaquin River) The response of SSI to flow in 
the San Joaquin River reflects changes in water year type as indexed by the 60-20-20 
index of unimpaired flow. Since that is uncontrollable, it should be accounted for in 
setting standards. 

Susan Hatfield presented an analysis of estimated SSI values representing survival 
through the delta on the San Joaquin side. Relationships of SSI vs San Joaquin flow 
at Vernalis showed essentially two groupings of data: one for low-flow conditions 
during mostly critical years, and the other for higher-flow conditions during wet years. 
(Because of the way the San Joaquin system is regulated, and because of the recent 
drought, the data do not include a range of flow conditions). There was some 
discussion about whether to discard a data point for 1985 in which a different marking 
method vvas used, and in which survival was high while flow was low. However, 
even with that point included, the relationship is highly significant (p < 0.001, r2 = 0.47 
vs. 0.69 with 1985 deleted). 

Susan Hatfield then suggested using either upper quartile or average survival indices 
doubled for each year type. 

Participants preferred a goal that would improve survival in critical years more than in 
wet years. The historical mean value of SSI is about 0.09 in a limited number of 
critical years, ( ~ 1.5 MAF) and 0.5 in wet years ( > 5 MAF). There was general 
consensus that the goal for critical years should be a 2- to 3-fold increase over 
historical values, since populations are more vulnerable during low-flow conditions. 
The goal in wet years could be set at a value higher than the historical mean, say 
0. 75. If the goal for the survival index were scaled linearly to unimpaired flow, it 
would have the following form (Figure 1 bottom): 

s = 0.05 + 0.14 06, (3) 

where Q6 is the 60-20-20 index in millions of acre feet. 

Implementation measures Although the group discussed implementation measures at 
various times, the consensus was that other entities (e.g. recovery teams, CVPIA 
teams) would probably address these in greater detail than would be possible as part 
of these meetings. Measures identified and discussed briefly by the group included: 

• Close delta cross-channel gates from November 1 to June 30 each year, with 
periodic opening to flush channels 

FINAL Smolt survival report Page 9 



• Limit CVP/SWP exports to about 1500 cfs (daily average) during April-May 

• Develop a coordinated CVP/SWP operations plan for other periods to reduce the 
influence of exports on outmigrating salmon 

• Establish minimum flows on the San Joaqin River from 4,000 to 12,000 cfs 
depending on water year type for April 1 5 to May 1 5 or longer 

• Install physical barriers at the head _of Old River to the extent compatible with 
management for delta smelt 

• Provide minimum net delta outflow of 7,000 cfs, with a minimum flow of 4,000 
cfs on the Sacramento, during February-June. 

• Develop ramping criteria to prevent stranding in tributaries 

• Based on real-time monitoring, limit project and in-delta diversions for an 
appropriate period following the first storm of each season that produces a 
smolt outmigration 

• Pulse flows had a lower priority than minimum flows 

• Some measure of flow balance in the delta is needed. USFWS has used 
QWEST for this purpose, but most participants believed that QWEST is not real, 
and should be replaced by some alternative measure. 

' 

Compliance monitoring Determining wheth~r goals were being achieved would 
require considerable effort, presumably by IEP/USFWS, in addition to their research 
into the factors affecting smolt survival. A practical limit on increasing the total effort 
is imposed by availability of smolts for release due to facilities constraints. These limit 
the number of releases that could be devoted to this effort: at present about 8-12 total 
releases can be made each year . CUWA does not believe that this allows for an 
adequate number of releases. 

How often: Ideally, weekly monitoring when sufficient smolts become available; for 
the moment, at least 3 releases on each river system or 1 /2 - 2/3 of the available 
release groups. However, this number may not be sufficient to reduce the standard 
error of the SSI values to the point where achievement of the goal can be reliably 
assessed. Therefore, the limits on number of releases for this purpose need to be 
resolved as soon as possible . Expanded capacity for tagging both hatchery and wild 
fish is also needed . 

Where: Locations should include at least Sacramento and Mossdale, but releases at 
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Port Chicago are important for determining ocean survival 

When: Spread out over April to June. The sampling design would need to be 
devised, but sampling should not alias spring-neap tidal cycles or any other known 
natural or operational cycles. 

Size of fish: Should be standardized to the extent possible. 

Determining whether the goal is being met A significant problem in comparing the 
SSI to the goal is that there will always be gaps in the data, and that conditions could 
be quite different during these gaps than when survival is measured. The group 
discussed two alternative approaches but did not achieve consensus on this issue, and 
considerable analysis would be needed to resolve it. 

There are two ways to fill in the gaps. One way is simply to take the results of each 
release as point estimates, and assume that the sampling scheme assures that these 
samples are representative with respect to all factors that cause survival index to vary 
(except smolt size, temperature (Sacramento) and possibly unimpaired flow (San 
Joaquin), which must be considered explicitly for each release). In this case the goal 
would be compared with the mean value for several years, using a t-test or other 
appropriate statistical test to determine whether the goal fell within the confidence 
limits of the data. 

An alternative approach is to use a statistical model of smolt survival index as a 
function of temperature, flow, exports, smolt size, and anything else that is 
statistically relevant, and calculate the index for each day on which it was not 
measured. This would reduce the error variance in the estimates of SSI. However, 
the mechanism for using a model to fill the gaps was not specified. 

[Note: the main concern with using the first method is the difficulty that may be 
encountered in making the small number of samples representative. One approach to 
this problem is during the periodic review of the program to compare flow and 
temperature conditions in the delta during each migration period with the conditions 
during the releases. If they are reasonably close, then the samples can be considered 
representative. Bruce Herbold also suggested, after the meetings, that the Ocean 
Survival Index could be used in combination with timed releases of smaller numbers of 
fish to integrate over the entire season. An additional point not resolved at the 
meetings is that the baseline must be the existing SSI data, which were not developed 
for the purpose of obtaining an annual mean value.] 

Application to other races/ages Participants believed that there was insufficient basis 
for establishing separate standards for other races than fall -run, or for fry. Instead, 
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there was a consensus that measures implemented for fall chinook would probably be 
sufficient if extended to seasons relevant to other races. In addition, establishing 
conditions that produce a high SSI should also enhance fry survival for some races 
and some times. 

Research recommendations There was general agreement that improvements could 
and should be made in the statistical analysis of the data and in the use of these 
analyses in setting goals and standards. Beyond that, participants were enthusiastic 
about enhancing the research program to improve knowledge and therefore ability to 
improve conditions and assess changes. 

There was disagreement over the importance of variation in smolt survival in the delta 
relative to other (mainly upstream) issues, and how to allocate research efforts in 
these various areas. It was noted, however, that the implementation measures being 
proposed constrain water uses in the system and that a valid concern exists regarding 
whether such measures are actually benefitting the resource. A specifically designed 
program of research and monitoring would address this concern and eventually should 
lead to the development of refinements to the measures which would better improve 
overall smolt survival. [Note: the effectiveness of these measures must be assessed in 
the context of the life cycle of the salmon and the factors limiting their production. 
Density-dependent mortality in some river reaches could eliminate some benefits of 
improved delta survival to spawning success; however, these benefits would continue 
to be felt in improved ocean harvest and in the entire life cycle of winter- spring-, and 
some fall-run stocks, whose spawning escapements are well below capacity of the 
rivers.] 

Specific recommendations included: 

• Continue efforts to refine the SSI, including analyses of assumptions and 
potential sources of bias and error, and additional covariates such as turbidity, 
water quality, the temperature difference between the truck carrying the smolts 
and the receiving water, and the quality of the hatchery source stock. 

• Evaluate alternative methods (e.g. larger trawls, increased sampling effort, 
larger releases) to increase the recaptures and therefore the reliability of the 
results . 

• Test feasibility of using radio or sonic tagging to determine migration pathways 
and rates and, if possible, locations and causes of excess mortality in the delta 

• Make data available in a standard electronic format, and continue efforts to 
improve statistical reliability of empirical models 

• Continue efforts to understand in a more mechanistic (rather than statistical) 
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way how environmental conditions affect smolt survival. 

• Continue efforts to develop statistically acceptable models to predict SSI from 
environmental conditions. 

• Tag all hatchery fish rather than a subset [Note: this would be valuable only in 
analyses of upstream conditions, not in the delta.] 

• Improve understanding of effects of toxicity of river and agricultural drain water 
to salmon smolts and fry 
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Figure 1. Schematic of possible SSI goals. Top: Goal for Sacramento River is 
related to temperature, with a minimum SSI for all temperatures. Bottom: Goal 
for the San Joaquin River is related to the 60-20-20 index of unimpaired flow 
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DISCUSSIONS ON THE PROPOSED EPA SALINITY STANDARD 
Wim Kimmerer 

August 10, 1994 

Summary This report summarizes a meeting of staff and consultants from California Urban 
Water Agencies (CUWA), several agencies, and nonprofit environmental and fishery 
organizations to discuss issues raised in CUWA's reports on the Environmental Protection 
Agency's (EPA) proposed salinity standard. Major areas of agreement were found, and only a 
few disagreements, although some were significant. The most significant area of 
disagreement is the need for and effect of the proposed standard at Roe Island. 

Introduction This report describes the results of a meeting held on 31 May 1994, 
sponsored jointly by CUWA and four environmental organizations, in response to requests by 
state and federal regulators that stakeholders explore consensus on Bay/Delta water quality 
standards. The purpose of the meeting was to discuss some of the technical issues raised in 
CUWA's comments to. EPA on the proposed EPA salinity standard. The objective of these 
discussions was to determine the areas of agreement and disagreement over these issues 
among the participants (list attached), who included CUWA consultants, federal and state 
agency staff, and independent scientists. No attempt to resolve disagreements was made. 

This report is presented as a summary of the issues raised and areas of agreement and 
disagreement identified during the meeting. Notes in square brackets [] throughout the text 
are the comments of the author, intended to present additional information or to clarify 
issues, but may not represent the consensus of the group. 

Areas of disagreement were reduced to a small number, and many areas of fundamental 
agreement were found that would not have been apparent in a comparative reading of the 
SFEP workshop report, the EPA promulgation, and the CUWA responses. Participants are to 
be congratulated for presenting their analyses and making their arguments objectively, and for 
being willing to listen to each other. 

Several areas of agreement formed a premise for these discussions. CUWA representatives 
have stated explicitly that they agree that: 

• There is a problem in the estuary that needs to be addressed 

• The salinity standard is a useful way to do this in principle 

• A Chipps Island standard for salinity is recommended 

• A salinity standard alone is insufficient to restore the estuary 
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Background on the salinity standards The standards examined in this meeting were 
those specifying the number of days when X2 is to be downstream of several control points 
or, alternatively, when salinity is to be below 2 ppt at those points. This is based partly on 
the findings of the SFEP workshop, summarized by Schubel ( 1992; SFEP workshop report) 
and refined by Jassby et al. (in press, Environmental Management), showing positive 
relationships between several measures of "health" of the estuary (e.g. abundance or survival 
indices for estuarine fish or invertebrates, calculated organic carbon input) and X2 . For 
simplicity these are referred to these below as the "fish-X2 relationships." 

Several participants offered clarification of important points regarding the salinity standards. 

1. The standards are based on X2 , defined in the SFEP workshop as the distance from 
the Golden Gate Bridge to the point at which the daily average salinity is 2 parts per thousand 
(ppt) near the bottom. X2 for the period 1968-91 was estimated by interpolation between 
salinity monitoring stations. For about 10% of the days during 1968-91 (usually when flows 
were high), or for times earlier and later than that, X2 was estimated from an autoregressive 
equation with log of net delta outflow (adjusted for revised estimates of delta consumption 
from DWR) as an independent variable. Thus, the perception of some that the X2 values 
used in the fish-X 2 relationships are derived from outflow is wrong . 

2. The participants in the SFEP workshop turned away from discussion of the entrapment 
zone (EZ) and related phenomena, and chose a simple salinity value as an index to be used in 
a standard. The reason was not that the EZ and associated processes are unimportant, but 
that the EZ is difficult to define and locate. Furthermore, participants believed that there 
were variables that might covary with position of the EZ, but that were not directly related to 
entrapment phenomena (e.g. abundance of starry flounder). Thus, they believed that use of 
EZ location might also be misleading. X2 was recognized as a covariate of a wide range of 
variables, any of which could ·cause the observed biological responses. It was not the intent 
of the SFEP workshop to describe the causative links, nor was it to imply that the actual 
salinity (2 ppt) was of particular imr.or:ance to all or even most of the species of concern. 

It was suggested and accepted in the 31 May 1994 meeting that discussions of the 
importance of entrapment phenomena would not be fruitful, and that participants would focus 
on the salinity standards as stated (and amended by the use of sliding scales, see below) . 

3. The work done to lay the foundation for the SFEP workshops was done quickly with 
little opportunity for revision or re-analysis. Several improvements in the methods used for 
this have been suggested by a number of parties. This suggests that the entire analysis 
ought to be redone to refine it as a firm basis for the standards. [Note: I do not believe that a 
reanalysis of the data will result in qualitatively different conclusions.] 

4. There is an important difference between the standard proposed by EPA and the index 
recommended by the SFEP workshop. The original proposal was to use the value of X2 
averaged over some period of months as an index on which to set a standard, since that is 
the independent variable used in the analyses. In addition, SFEP workshop participants 
strongly recommended that historical variability be somehow preserved in the standard, but 
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did not offer a means to do this. The EPA chose to use the number of days with salinity 
below 2 ppt at the three control points. This approach has the advantage of simplicity for 
monitoring, and also allows the variability in X2 to be specified. 

Most of the scientists at both the SFEP workshops and the May 31 1994 meeting expressed 
the bel.ief that within-year and between-year variability should be maintained. [Note: The 
proposed EPA standards at Roe and Chipps Islands could provide both as follows. Between­
year variability would be set by the use of a sliding scale relating the standard for a year to 
the unimpaired flow for that year. Within-year variability would be established by 
appropriately specifying the number of days below 2 ppt for each of the three control points. 
For example, based on data from 1967-91, a mean X2 at Chipps Island (74 km) for a given 5-
month period would be associated with 56% of days with X2 below Chipps, but also about 
17% of days below Roe Island (64 km) and 18% of days above the confluence (81 km; see 
Kimmerer 1994, sliding scale report to CUWAJ. Note that setting a standard at Roe Island 
does not imply that mean X2 is at that location unless the standard for a given period is for 
about 50% of the days at Roe, which would occur only under conditions of high unimpaired 
flow. Similarly, a mean X2 at the confluence would imply 27% of days below Chipps and 
5% below Roe, under historical levels of variability. A mean X 2 at Roe would mean 11 % of 
days above Chipps and 3% of days above the confluence.] 

5. CUWA presented several reasons for their support of the Chipps Island standard but 
not the Roe Island standard. Briefly, these arguments are: 

• Increasing uncertainty in fish-X 2 relationships as X2 moves downstream 

• Potential biases in fall midwater trawl data (see discussion under Issue 6 below) 

• Other factors affecting fish abundances 

• Loss of habitat for some species, or flushing of nutrients from the estuary, when X2 is 
downstream 

6. Participants agreed to try to stick to technical issues and avoid unnecessary discussion 
of economics, water supply, or management. This included discussion of feedback loops 
from the standards through operations to other biological response variables (e.g. effects of 
changing carryover storage, resulting from salinity standards, on winter run salmon survival in 
the upper Sacramento River). This is an area containing important technical issues but was 
not addressed in this forum because quantitative information on these feedbacks was not 
available to participants at the time of the meeting. It was also acknowledged that the 
ultimate selection of standards would include management judgements. 

7. X2 is a useful approximation of position of the EZ. [Note: The peak abundance of two 
species of common zooplankton of the entrapment zone, and the peak of turbidity, are close 
to X 2, and the abundance peak of a third species is slightly upstream (Kimmerer unpublished). 
Striped bass larvae apparently concentrate at or slightly upstream of X 2 (DFG data). The 
manifestation of the entrapment zone in terms of particles and at least some organisms is 
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therefore close to X 2, not substantially downstream of it. I 

8. Most of the concern over changes in the estuary are over estuarine-dependent species, 
those that must reside in the estuary for all or part of their life cycle, and many of which 
occur at the low-salinity end of the estuary. These are the species that vary with x2 , and are 
the subject of the SFEP analyses. There is little concern over effects of freshwater flow on 
marine species that have extensive habitat outside the bay. 

Issues addressed in the meeting The following discussion takes each of the major 
issues in turn, and summarizes the points on which agreement was achieved or on which 
differences remained. 

Most of the discussion was centered on the fish-X2 relationships; however, time constraints 
permitted CUWA to examine only the mid-water trawl data for striped bass, longfin smelt, 
and delta smelt. They have not performed an exhaustive analysis for the other species. The 
relationships for these three response variables were therefore the main area of emphasis. 

Agreement is indicated where either it was explicitly demonstrated in the meeting, or where 
there appeared to be no major objections to statements made by one or more participants. 

1. What is the qualitative nature of the relationships between X2 and indices of 
abundance and survival indices for estuarine species? 

Agreement: 

a. Relationships between X2 and indices of abundance or survival are real (although not 
always strong), and need to be considered in management 

b. The fish-X2 relationships appear to be continuous and monotonic indicating increasing 
responses as X2 decreases, except that for Delta Smelt (see Disagreements), and 
except for some lower abundance indices in 1983 when flows were exceptionally high 
(low values in 1983 are not included in this discussion except under Issue 3 below). 
Although several participants (in this meeting and the SFEP workshops) had expected 
a step or discontinuous function for some of the response variables, these could not 
be demonstrated statistically. 

c. The fish-X2 relationships describe historical conditions; habitat or other changes in the 
estuary could cause these relationships to change in the future 

d. The fish-X2 relationships do not imply any causal mechanism; such mechanisms may 
be different for each species examined 

e. Each species examined could be responding to any of the numerous covariates of X2 
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f. Delta smelt seem to be very abundant only when X2 is in Suisun Bay, but X2 alone is a 
poor predictor of abundance of delta smelt 

Disagreement: 

a. What is the strength and significance of the relationship between delta smelt and X2 ? 
Bruce Herbold's linear regression explained 25% of the variance in the delta smelt 
index, similar to that obtained by John Rice using generalized linear models and 
weighting the values by a variance function proportional to the mean squared. Phyllis 
Fox obtained a non-significant relationship using ordinary least squares and an 
estimate of within-year variance as a weighting factor. [Note: experts on delta smelt in 
DFG and elsewhere believe that habitat of delta smelt consists of low-salinity, shallow 
water. If so, abundance of delta smelt should be higher when X 2 is in Suisun Bay than 
when it is either in the delta or in Carquinez Strait. J 

2. How should functions be fit to the abundance-X2 data? The approach used by 
Jassby et al. (in press, Environmental Management) was to apply a generalized linear model 
with a variance function either proportional to the mean or constant. The choice of variance 
function was based on exploratory analysis of the annual abundance indices for each species. 
CUWA consultants used the same techniques and weighted least squares regression but 
applied variance functions either proportional to the mean squared, or calculated from the 
standard deviation of the 4 individual months of data, or by error propagation from the 
standard deviation within each sampling area and month. 

Agreement: 

a. The overall approach used by both parties is valid, and results do not differ very much 
qualitatively 

b. The two alternative methods used by CUWA do not appear to give very different 
results from each other 

c. All methods indicate that fish-X 2 relationships are statistically significant results, 
except for delta smelt; the main differences are in the amount of variance explained 
and the slopes of the lines 

d. Variance of the abundance indices increases as the mean increases 

e. A log-linear model (i.e. using log-transformed abundance indices) gives a similar result 
to the generalized linear models 

f. The most appropriate variance function could be worked out by examining residuals 
for each species. 
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Uncertainty: 

a. Is it appropriate to use the months as replicates in analysis of the midwater trawl data, 
as CUWA has done? This issue was not discussed very much, probably because the 
alternative error-propagation method gave a similar result. 

b. What is the appropriate variance function? Does a constant variance in log­
transformed data correspond to variance proportional to the mean, mean squared , or 
some other relationship? 

3. Under what conditions should any years be eliminated from the analysis? 

Data from 1 967 were not used in the Jassby et al. (in press) analyses, because X2 
interpolated data did not go back that far . 1983 was discarded in some cases because DFG 
scientists believed that populations of longfin smelt, striped bass 38 mm index, and Neomysis 
shrimp were not sampled adequately. [Note: the Bay Study data for longfin smelt also show 
an unexpectedly low abundance index in 1983, and that program samples the entire bay. 
Therefore abundance was probably low in 1983. Perhaps the best resolution of this is to say 
that relationships for which 1983 appears anomalously low must be constrained to exclude 
X2 values that far downstream, because the data are insufficient to describe how the 
relationship changes at such high flows. ] 

Agreement: 

a. 1967 should be included for species for which data were available. 

Uncertainty: 

a. Should 1983 be excluded for the above-listed species? 

4. To what extent do the fish-X2 relationships allow for alternative interpretations or the 
influence of other variables than those correlated with X2 ? 

Jassby et al. (in press) raised this issue in connection with striped bass survival from egg to 
38 mm, for which X2 explained only 36% of the variance. A low proportion of variance 
explained implies one or more other causative factors , the presence of which could alter the 
survival-X2 relationship . This analysis has been used by CUWA to suggest caution in using 
the results to set standards, particularly at the downstream Roe Island site. 

Agreement : 

a. Other factors which may not be directly related to X2 or outflow probably also affect 
each of the species examined 
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b. The expected importance of alternative effects decreases as the explanatory power of 
the X2 models increases, unless there is substantial collinearity among independent 
variables in the model 

c. For each species abundance or survival could probably be increased through other 
means in addition to salinity or flow standards 

d. Setting standards using salinity does not eliminate the need to continue to improve 
understanding and management 

e. The existence of relationships between indices of abundance or survival of a species 
and X2 does not necessarily imply that X2 itself is an important variable, merely that 
either X2 or one of its numerous covariates is important to that species 

Uncertainty: 

a. The variability not explained by the models, but incorporated in the within-year 
variance estimates, includes sampling variability. The possibility was raised that an 
analysis of variance components could be used to reduce further the unexplained 
variability in the annual indices. This was not resolved, although it may be worth 
exploring later. 

5. What alternative analyses might identify benefits and detriments of the X2 standard? 

This question mainly relates to the habitat analyses in which salinity requirements of various 
species and life stages were transformed into size of habitat, defined as distance from the 
Golden Gate. This analysis was presented as preliminary, in that it did not take into account 
other physical attributes of habitat such as width, depth, area, volume, or flow patterns, or 
any biological attributes. An analysis of "co-abundance" was also presented by CUWA to 
explore the fish-X2 relationships. 

Agreement: 

a. We need to know a lot more about this estuary to make management more effective, 
although without delaying necessary measures. In particular, sampling needs to 
include shallow habitat where some of the species of concern are found 

b. A habitat analysis could provide information useful in interpreting the results of the 
statistical analyses, or in extending those results to other species 

c. The habitat analysis performed by CUWA is only a preliminary step in determining the 
amount of habitat available to estuarine-dependent species and should be extended to 
include other habitat variables 
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... 
Disagreement: 

a. Is the habitat analysis presented by CUWA informative as it stands, or does it need to 
be expanded? CUWA scientists argued that the habitat analysis as presented is 
evidence for a harmful effect on some species of downstream locations of X 2 . 

Agency and other scientists argued that there was no evidence for adverse effects in 
any estuarine-dependent species. [Note: CUWA has made the point that the potential 
for adverse impacts of the proposed standards, and the potential for harm to 
indigenous species by improving conditions for introduced competitors, should be 
considered by EPA in setting standards. This was not discussed to a sufficient extent 
to identify areas of agreement or disagreement at this meeting.] 

b. Is the co-abundance analysis a useful tool? There was little agreement that correlation 
analyses among species gave more information than could be gained by examining the 
fish-X2 relationships 

6. Are there problems with the Fish and Game monitoring data that might affect the fish-
X2 analyses? 

Several of the CUWA documents describe or imply possible biases in the monitoring data that 
would diminish their utility in the analyses. The principal issue here is not sampling error 
(which would be uncorrelated with X2 ), but bias that causes the population estimate to 
diverge from the population size as X2 varies. 

Agreement: 

a. Although the monitoring program is far from perfect, and potential biases have been 
identified, no systematic biases have been demonstrated in the monitoring data that 
would affect the fish-X 2 relationships (note that CUWA has analyzed o~ly the 
midwater trawl data) 

b. Weighting the abundance data by area or volume around the sampling station does not 
make much difference in overall outcome of the analyses 

c. Monitoring data should be examined for evidence of a spring-neap cycle or other 
potential biases 

d. Monitoring data should be taken at an interval that does not alias the spring-neap tidal 
cycle, an important time scale of variability in the estuary 

e. Fall midwater trawl monitoring data are more useful for some species (e .g. striped 
bass) than others (e.g. delta smelt) for which the sampling programs were not 
designed 

f. In particular, abundance indices for splittail should not be relied upon 
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g. Abundance data should be re-analyzed where appropriate using habitat descriptors 
(e.g. salinity range) to stratify the data and thereby reduce sampling variance 

7. Would a Roe Island standard result in more fish (or better survival) than a Chipps 
Island standard alone? 

This generated more heated discussion than any other topic. [Note: in these meetings and in 
many other discussions, there has been confusion about the relationship between the location 
of the control points, mean X 2, and within-year variabil~ty. This is discussed under Point 4 in 
the Background section of this report. The standards do not establish mean X 2 at the control 
points; they establish the February-June mean of X2 at some location, and set the variation in 
X2. See the examples given under Point 4 (Background).) 

Agreement: 

a. The uncertainty around the regression lines increases as X2 moves downstream 

b. The continuous relationships observed imply an increase on average in abundance or 
survival with decreasing X2 , except in 1983 for some species 

c. There is no "right" number of fish of a particular species as long as the population is 
large enough to be out of danger of extinction. 

d. Therefore there is no "right" location for the long-term mean of X2 or the number or 
location of control points. These must be determined from considerations in addition 
to biology. [Note: EPA has done this by considering a particular time period in which 
populations were in better condition than they are now, and attempting to replicate 
those conditions in terms of salinity. In a similar issue, the Central Valley Project 
Improvement Act somewhat arbitrarily takes doubling as its goal because there is no 
Hright" number of anadromous fish.) 

Disagreement: 

a. Is a standard justified at Roe Island, given that the uncertainty in predictions is higher 
for downstream than for upstream values of X2 ? 

b. How large is the uncertainty in the flow-X 2 relationships (see issue 2 above)? 

c. Does a monotonic relationship between X2 and abundance indices imply that moving 
X 2 from 74 to 64 km will improve abundance on average, or does the scatter in the 
relationships preclude such a statement about mean values? 

d Should the standard at the confluence (81 km) be set at 1 50 days as now proposed, 
or at some lower figure as implied by the sliding scale analyses? [Note: This was 
mostly outside the scope of this discussion, sin<?e not all of the participants had been 
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at the sliding scale workshop. Most participants seemed willing to accept EPA 's 
proposal to set this standard at 150 days, but CUWA scientists rejected EPA 's Roe 
Island standard and recommended maintaining historical patterns of within-year 
variability. These three objectives are mutually incompatible, as discussed in Point 4 
(Background). 1 

e. Is flow released from reservoirs an adequate substitute for naturally-occurring flow for 
the purpose of reducing X 2 and achieving the anticipated benefits? There was some 
belief that high natural flows would carry more nutrients and organic matter into the 
estuary than wo.uld reservoir releases. [Note: If most of the labile organic matter 
entering the estuary is from freshwater phytoplankton, and nutrient limitation of lower 
trophic levels is rare, this effect may not be that important. 1 

Not addressed 

a. What are the quantitative benefits of a Roe Island standard? [Note: In a memo dated 
June 3, Phyllis Fox analyzed the predictions of the various fish-X 2 relationships for 
differences in abundance· for a Roe Island and Chipps Island compliance point. The 
analysis shows that only longfin smelt and striped bass would benefit from a Roe 
Island standard. This report has not been reviewed by participants in the May 31 
meeting, so it cannot be placed in either the HagreedH or "disagreedH category.) 

8. How far geographically should effects of the standards be monitored? 

Agreement: 

a. The effects of the standards may appear as far upstream as the reservoirs, and as far 
downstream as (at least) the Golden Gate 

Issues not addressed in the meeting 

How would wetland species be affected by the standards? 

Participants did not have the expertise to discuss this issue. 

What is the relationship between entrapment zone phenomena and the observed fish-X 2 
re/a tionships? 

This was considered an interesting question and one that, if answered, would help to 
understand the reasons for the X2-fish relationships, but not central to the issues being 
discussed at this meeting. 
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